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Introduction. 


In  this  treatise  is  given  the  first  account  of  the  mag- 
netic mapping  of  a  larger  district  of  Finland.  As  will 
become  evident  from  that  following,  many  reasons  exist 
which  made  it  desirable  to  publish  only  a  part,  and  not 
the  entire  countr}-.  The  most  important  of  these  is,  that 
during  the  greater  part  of  the  field  work  a  magnetic  observ- 
atory has  been  operating  at  Sodankyla,  in  North  Finland, 
with  the  assistance  of  which  it  has  been  possible  to  make 
all  the  necessary  reductions;  and  on  the  contrary,  contact 
with  Pavlovsk.  which  served  as  base  observatory  for  the 
work  in  the  southern  districts  of  Finland,  has  been  inter- 
rupted from  the  year  1917  up  to  the  present  time. 

When  the  Central  Meteorological  Office  in  1911  ar- 
ranged the  magnetic  field  work  in  our  land,  North  Finland 
was  assigned  to  the  writer.  Only  in  part  have  I  been 
enabled  to  accomplish  this  extensive,  and  from  the  view- 
point of  terrestrial  magnetism,  interesting  task.  As  may 
be  noted  from  the  separate  annual  reports  (of  which  the 
years  1910  to  1910  are  published,  the  subsequent  ones 
still  being  in  manuscript),  my  assistants  have  observed 
entirely  the  following  stations:  in  1912,  No.  66;  1913, 
Nos.  85—100;  and  1917,  Nos.  217—222  (see  table  2). 
Further,  the  field  work  of  1919  has  been  performed  by 
Mr.  V.  A.  Heiskanen.  In  this  treatise  his  observations 
have  been  used. 

From  the  previous  work  period,  the  years  1910 — 1919, 
certain  districts  which  were  left  unmapped  were  com- 
pleted during  the  years  1922  and  1923. 

The  methods  of  observation  are  described  in  the 
first  annual  publications  (1,  2,  3,  4),  wherefore  it  is  not 
necessary  to  describe  them  in  detail  here.  The  publica- 
tions also  contain  the  necessary  information  regarding 
the  observation  stations,  and  the  measurement  results 
for  the  years  1910 — 1916.  Work  of  the  later  time  will 
be  published  in  the  near  future. 

The  measurements  of  the  first  observation  years, 
1910 — 13,  have  been  reduced  according  to  the  observatory 
O^at  Pavlovsk,  and  later  according  to  Sodankyla.   As  even 
j    the  most  southern  part  of  the  surveyed  district  is  4°  north 
7    of  the  first  base  observatory  at  Pavlovsk,  and  further, 
with  regard  to  the  circumstance  that  most  of  the  terri- 


tory is  within  the  polar  circle,  where  the  disturbances  of 
magnetic  forces  as  well  as  certain  periodic  changes,  as 
for  instance  the  diurnal  variations,  are  stronger  than  in 
territory  beyond,  it  becomes  evident,  that  the  freeing 
of  observations  from  the  changes  of  magnetic  forces,  i.  e., 
their  reduction,  can  not  be  so  dependable  as  those  of  later 
times,  when  the  observatory  of  Sodankyla  was  situated 
in  the  vicinity  of  the  territory  of  observation.  In  the 
following  will  be  obtained  a  more  detailed  explanation 
of  the  uncertainty  caused  thereby.  From  it  can  be  noted, 
that  measurements  taken  during  unperturbed  magnetic 
times  nearly  always  give  sufficiently  accurate  results,  even 
tho  the  base  observatory  is  located  comparatively  far. 
On  the  other  hand,  observations  made  during  disturbed 
times  are  generally  untrustworthy. 

For  this  reason  it  was  advantageous  to  our  work 
that  the  first  years  of  observation  occurred  during  the 
quietest  time  of  sun-spot  activity;  for,  according  to  Wolfer, 
the  observed  average  relative  amount  of  spots  during  the 
summer  months  (June — -August)  were  in  the  different 
years  as  follows  (10): 

1910     1911     1912     1913    1914      1915       1910        1917        1918        19W  1920 

12.6   3.2   2.5   0.6   8.2   70.0   52.1    129.7    88.9    81.6  28.5 

Because  the  number  of  magnetic  disturbances  fluctu- 
ate in  the  same  direction  with  the  sun-spot  period,  it 
follows  from  these  values  that  during  the  first  obser- 
vation years  there  were  very  few  disturbances,  and  ac- 
tually only  a  few  observations  were  made  during  disturbed 
conditions. 

In  the  reductions  according  to  Pavlovsk,  as  will  be 
seen  in  the  following,  the  corrections  for  the  diurnal  varia- 
tions and  the  annual  changes  are  more  uncertain  than 
later.  Furthermore,  a  possible  source  of  errors  may  be 
in  the  fact  that  the  constants  and  the  corrections  have 
been  determined  under  different  magnetic  conditions 
than  obtain  in  the  territory  of  observation;  for  then  it 
is  not  certain  that  these  factors  will  remain  the  same  in 
these   different  conditions. 

With  reference  to  accuracy,  the  observation  results 
in  all  cases  give  a  sufficient  amount  of  material  for  the 
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construction  of  fairly  accurate  magnetic  maps.  In  this 
work  it  will  become  evident  from  the  start,  that  the  purelj 
mapping  side  of  the  terrestrial  magnetic  research  work 
requires  very  little  accuracy  of  observation,  because  the 
local  magnetic  influences  in  the  magnetic  field  of  North 
Finland  are  so  strong  that  the  ordinary  accuracy  of  obser- 
vation beside  them  becomes  insignificant. 

The  surveyed  territory  comprises  an  area  of  about 
150,000  square  kilometers  of  Finland.  Since  the  number 
of  stations  (without  considering  the  two  stations  on  the 
small  islands  of  the  Gulf  of  Bothnia  and  the  measurements 
of  Dr.  V.  Vaisala  in  the  southernmost  part  of  the  berri 
tory)  is  300,  in  which  have  been  counted  as  one  station 
such  places  where  two  observations  have  been  made  in 
dose  proximity,  the  area  for  each  station  becomes 
500  square  kilometers  and  the  mean  distance  between 
the  stations  22  kilometers.  This  density  of  stations  entitles 
the  work  to  be  placed,  according  to  the  classification  of 
Neumayer,  to  the  second  class  (II  p.  <>),-  even  tho  I  lie 
distance  between  the  stations  in  it  is  a  little  shorter,  or 
18  kilometers.  For  the  sake  of  comparison  may  be 
mentioned  the  corresponding  distances  in  some  magnetic 
surveys  in  Europe  (12  p.  105:  13  p.  58;  14  p.  26  and  21 


p.  40): 

British  Isles   It)  km. 

France   29  » 

Netherlands   10  » 

Saxony    12  » 

Denmark   1 .  .  15  » 

Wurtenberg   17  » 

Hessen   15  » 

Prussia    37  >> 


In  drawing  magnetic  maps,  the  representation  of 
true  lines  (14  p.  28)  based  on  actual  observations  has  been 
considered  the  guiding  principle,  insofar  as  the  present 
material  has  admitted  it.  In  this  respect  we  concur  with 
Baiter's  point  of  view  (15  p.  423,  424  and  16  p.  153).  In 
the  reliability  of  the  isomagnetic  lines  thus  constructed 
in  such  greatly  disturbed  regions  as  Finland,  the  following 
statement  of  Hazard  is  applicable:  »Because  the  preva- 


lence of  local  disturbances,  the  construction  of  magnetic 
lines  generally  becomes  more  and  more  difficult  as  the 
number  of  stations  in  a  given  area  increases,  and  in  greatly 
disturbed  regions  the  sinuosities  of  the  lines  are  an  indi- 
cation of  disturbances  rather  than  an  accurate  represen- 
tation of  the  disturbances))  (17  p.  5).  If  another  network 
of  si  at  ions  were  in  our  territory,  whose  points  were  at 
different  places  from  the  present  ones,  it  is  evident  that 
a  different  picture  would  be  obtained  of  the  disturbed 
regions  than  is  at  present.  But  in  accordance  with  the 
principle  stated  above,  it  is  in  proper  order  already  in 
the  first  work  of  this  kind  to  particularly  emphasize  the 
existancc  of  disturbances,  which  in  itself  will  give  the 
scientist  a  sufficient  reason  for  its  closer  study. 

The  distribution  of  the  ideal  or  terrestrial  magnetic 
force  in  North  Finland  has  been  calculated  in  the  easiest 
manner,  where  the  magnetic  elements  are  considered  as 
linear  functions  of  the  geographical  co-ordinates. 

In  connection  herewith  it  is  my  pleasant  duty  to 
express  my  thanks  to  several  people  for  the  assistance 
that  1  have  received  during  the  past  years  in  my  magnetic 
work.  To  the  director  of  the  Central  Meteorological  Office. 
I'rofessor  ().  Melander,  I  wish  to  express  my  gratitude 
for  the  interest  and  assistance  that  he  has  continually 
shown  during  the  work  in  all  its  phases  to  its  performers 
and  to  the  writer.  An  essential  part  in  the  success  of  each 
year's  observation  work  belongs  to  my  assistants,  Messrs. 
B;  HedstkO.m,  Y.  Latvio,  E.  Haataja,  V.  Pajari,  E.  Le- 
va nto  and  I.  Melandek.  In  the  calculation  of  present 
material,  much  work  was  done  by  Miss  L.  ERvasti. 
whose  death  in  1920  was  a  heavy  loss  to  this  work. 
After  her  departure,  my  wife,  Mrs.  S.  Keranen,  has 
taken  care  of  this  part  of  the  work.  The  chiefs  of  the 
Sodankyla  observatory,  Messrs.  E.  Levanto  and  H.  Hvv- 
k-yl\ixex  firstly  have  assisted  in  the  comparison  of  field 
instruments,  and  then  provided  the  registration  results 
necessary  for  reductions  as  well  as  the  constants  of  the 
instruments  of  the  observatory.  The  same  servicas  were 
performed  with  the  greatest  generosity  at  Pavlovsk  by 
its  director,  Mr.  W.  Ch.  Dubixskv,  who  died  in  1917,  and 
whose  pleasant  memories  will  surely  remain  with  us  Fin- 
nish magneticians. 


The  constants  of  the  instruments  and  the  corrections  during  observation  work. 


In  the  field  work  of  our  territory  French  Brunner- 
constructed  and  Chasselon-made  magnetometer  theodo- 
lites (18  p.  211 — 214)  have  been  used:  No.  76  during  the 
years  1911—1915,  1917.  1918,  No.  78  during  the  year 
L919  and  No.  82  during  the  years  1916,  1922.  1923;  and 
further,  ordinary  English  Kew-pattern  Dover  dip  circles 
(15  p.  452—453)  No.  66  in  the  year  1911.  and  No.  229 
daring  the  years  following. 

In  the  preliminary  work  in  1910,  Dr.  Hintikka  used 
a  Wild-Edelmann's  theodolite  and  earth  inductor  (1). 

The  horizontal  constant  A  of  the  magnets,  their 
temperature  and  induction  coefficients,  the  corrections 
of  declination  measurements  and  that  of  dip  circle  needles 
w  ere  determined  during  the  years  1911 — 13  at  Pavlovsk. 
and  later  at  Sodankyla. 

The  temperature  and  induction  coefficents  generally 
have  been  determined  but  once,  excepting  on  instrument 
No.  76  because  of  an  accident  to  its  magnets  in  1911  (2  p. 
10 — 12).  Here  follows  the  summary  of  the  values  obtained 
at  base  observatories: 

The  temperature  and  induction  coefficients  of  magnets . 

Temperature  coefficient  Induction  coefficient 

Oscillations  Deflections 

Magn.  •     Magn.  •  •  Magn.  •     Magn.  •  •      Magn.  •    Magn.  •  • 

Chasselon  7H 

(B  p.  5— 8)19110.000279  0.000373  0.000261  0.000370   0.00  673  0.00840 

1912  859.  991 

(6  p.  5)     1915  2231) 

»  261 2) 
Chasselon  78 

8 p.  4— 7)1912  0.000199  0.000283  0.000310  0.000470   0.00810  0.00761 

1913,  1914  25.')  342  292  343  805  784 
Chasselon  82 

&p.  4—6)1915  0.000331  0.000340  0.000360  0.000369   0.00796  0.00806 

Horizontal  constant  A.  From  observations  the  horizon- 
tal intensity  H  is  calculated  from  the  formula 

n=     A  . 

Tr  I  sin  v, 

where  Tr  and  Vt  are  the  oscillation-time  and  the  deflec- 
tion angle,  both  reduced  to  normal  temperature  and  cor- 
rected for  the  induction  effect  of  terrestrial  magnetism. 

')  at  great  distance  of  the  deflecting  magnet. 
2)  at  small  distance  of  the  deflecting  magnet. 


The  time  of  oscillation  is  also  corrected  for  the  torsion 
of  the  suspension  fiber,  the  rate  of  the  observation  chronom- 
eter and  for  the  arc  of  the  oscillation.  The  horizontal 
constant  A  is  given  by  the  equation 

where  N  is  the  moment  of  inertia  of  the  magnet  and  E 
the  distance  between  both  magnets  by  deflections.  In 
the  equation  above,  the  series  is  the  so-called  Lamont  de- 
flecting function,  where  the  coefficients  P,  Q,  and  succeed- 
ing are  functions  of  the  dimensions  of  the  suspended  and 
deflecting  magnets  and  the  distribution  of  their  magnet- 
ism. The  series  converges  so  rapidly  that  the  coefficients 
beyond  Q  need  not  be  considered  for  properly  chosen  de- 
flection distances. 

The  results  of  observations  in  former  magnetic  surveys 
show  that  for  a  season's  work,  or  even  longer  time,  distri- 
bution coefficients  P,  Q,  and  the  induction  and  temperature 
coefficients  of  the  magnets  may  be  considered  constant 
without  materially  increasing  the  uncertainty  of  the  results, 
especially  when  the  magnets  have  become  so  well  seasoned 
that  the  loss  of  magnetism  is  very  sIoav  (19  p.  21  and  20 
p.  16).  Because  the  moment  of  inertia  changes  with  the 
dimensions  and  the  mass  of  the  magnets,  it  follows  that 
the  magnets  must  be  handled  so  carefully  on  trips  that 
no  changes  will  result.  They  must  therefore  be  especially 
guarded  against  heavier  blows  and  above  all  from  rusting. 

In  the  absolute  determination  of  the  constant  A, 
considerable  difficulties  are  caused  by  the  measurement 
of  the  moment  of  inertia  and  the  deflection  distances. 
Consequently,  at  the  present  time  is  accepted  its  empiric 
calculation  from  observations  at  the  magnetic  observ- 
atory by  means  of  the  formula 

A  =  H  •  Tr  ]   sin  vr  , 

where  the  horizontal  intensity  H  during  the  time  of 
observation  is  obtained  from  the  curve  of  the  registering 
instrument. 

The  following  summary  gives  the  total  results  of  the  de- 
terminations of  the  horizontal  constant  A  in  different 
years. 
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of  horizontal  constant  A. 
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In  deflections  H  signifies  great,  and  /•  small  distance 
of  the  deflection  bar. 

During  the  year  1911  the  magnets  came  into  contact 
with  each  other  through  an  accident  (2  p.  10),  for  which  rea- 
son is  to  be  understood  the  considerable  change  of  the  hori- 
zontal constant  in  the  autumn  comparison  observations. 

The  loss  of  the  suspended  magnet  for  deflection 
observations  (6  p.  3)  during  the  trip  of  1915  caused  a 
change  in  the  field  work,  whereby  another  long  magnet. 
»magnet . . »,  had  to  be  used  for  this  purpose.  The  obser- 
vations made  during  the  same  year  in  the  regular  manner 
and  with  the  new  method  gave  approximately  the  same 
degree  of  accuracy,  thereby  demonstrating  the  suitability 
of  the  last-mentioned  method.  In  addition,  during  the 
same  year,  relative  measurements  of  horizontal  intensity 
were  performed  with  the  observation  of  oscillation  alone, 
and  this  method  gave,  as  will  be  found  from  its  larger 
sources  of  errors  (2  p.  16  and  21  p.  19),  only  one-half  the 
accuracy  obtained  in  the  regular  way. 

Without  counting  these  exceptional  cases  and  the  obser- 
vations of  1916  with  the  magnet..,  the  values  of  both 
horizontal  constants  of  the  same  year  have  been  so  nearly 
alike,  that  during  the  work  of  the  entire  year  it  has  been 
possible  to  use  the  arithmetical  mean  of  their  comparison 
results.  In  the  observations  of  1916  with  the  magnet... 
the  log  A  was  determined  for  each  station  from  com- 
parison results  by  linear  interpolation. 

From  the  figures  of  the  preceding  table  becomes 
evident  that  no  systematic  changes  are  noticeable  in  the 
horizontal  constant,  even  during  a  longer  period  of  time. 

')  The  values  given  in  the  report  of  1916  contain  the  induction 
effect,  which  here  is  eliminated. 


The  results  of  the  different  years  are  usually  within  the 
accuracy,  about  ±  9  y  (ly  =  0.ooooi  C.  G.  S. -units)  in 
the  value  of  H,  which  it  has  been  possible  to  obtain  with 
this  instrument  in  the  circumstances  (2  p.  16). 

This  general  adaption  of  the  horizontal  constant 
warrants  us  also  to  consider  the  work  of  1918  and  WVIW 
as  reliable,  when  it  was  not  possible  to  make  comparison 
observations  after  the  field  work. 


The  corrections  of  magnets  in  declination 
observations. 

By  the  determination  of  the  horizontal  constant, 
declination  measurements  were  also  made  from  which 
were  calculated  by  the  aid  of  the  observatory  curves  the 
corrections  of  the  declination  observations.  The  arithmet- 
ical means  of  these  corrections  have  been  used  in  separate 
publications  of  the  years  1913  -1916  and  for  1922,  for 
which  the  both  results  are  noted  in  the  following.  In  the 
final  reductions  to  1915.5.  the  results  of  the  first  years, 
15*1  1  and  1912,  have  been  corrected  in  the  same  manner. 

The  summary  of  the  corrections  was  as  follows: 


(  hassclon  76  1911  before  us< 
after  » 

1912  before 
after 

1913  before 
after 

1914  before 
after 

1915  before 
after 

1917  after 

1918  before 
Chasselon  82  1916  before  use 
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1922  before  » 
after  » 

1923  before  » 


» 
» 

» 

» 

» 
>> 

use 

» 


Magn.  • 

1'.3 

r.s 

—0.2 

0.1 

0.8 

0.2 

0.2 

0.3 

—0.6 

—0.3 

—0.3 

—0.2 

—0.4 

—0.8 

—  1.0 

—0.9 

0.2 

0.4 

1.4 

1.0 

2.4 

2.6 

0.0 

0.0 

—2.0 

—2.0 

—0.1 

—0.1 

0.6 

0.6 

—3.5 

—3.9 

0.1 

—0.2 

In  the  year  1917  comparison  observations  were 
made  before  the  journey,  but  the  results  for  some  unknown 
reason  were  so  unreliable  that  it  was  not  considered  ad- 
visable to  take  them  into  consideration.  Also,  after  the 
trip  of  1922.  notably  large  values  were  obtained.  In  con- 
nection with  this  must  however  be  taken  into  considera- 
tion the  very  difficult  summer  journey  that  year,  when 
it  was  impossible  to  transport  and  care  for  instruments 
as  well  as  usually  during  other  years,  and  accordingly 
the  instrument  with  its  magnets  possibly  may  have  re- 
ceived some  changes  in  adjustments.  But  because  no 
especial  errors  were  noted  in  the  comparison  observa- 
tions after  the  summer  trip,  they  have  been  taken  into 
consideration  in  the  reduction  of  the  observation  results, 
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The  corrections  of  needles  in  inclination 
observations. 

In  the  results  of  inclination  observations  for  the  years 
1911 — 1916,  those  corrections  have  not  been  considered 
which  always  exist  when  the  observations  give  different 
values  of  inclination  before  and  after  reversal  of  polar- 
ities (19  p.  13,  14).  In  this  case  the  true  angle  of  incli- 
nation must  be  found  from  a  formula,  giving  the  tangent 
of  this  angle  as  a  mean  from  the  tangents  of  the  observed 
angles.  If  therefore  in  both  positions  of  the  needle  the 
inclination  results  are  In«  and  Ig,  the  true  inclination  is 

tq  I  =  \  (tg  Ir,  +  tg  Is), 

and  not 

la  =  .V  (In   +  I,) 

as  generally  is  supposed.  The  necessary  correction  to  be 
made  to  Ia  in  order  to  obtain  I,  is  calculated  from  a 
special  table. 

The  comparison  observations  of  inclination  were 
made  in  the  same  manner  as  that  for  declination,  and  be- 
ginning with  the  year  1913  in  the  work  of  each  year  the 
corrections,  based  on  these  observations,  have  been  taken 
into  consideration  in  calculating  the  final  results.  The 
corrections  for  the  first  years,  1911  and  1912,  in  this  trea- 
tise have  also  been  incorporated  into  the  reductions. 

The  results  of  comparison  observations  were: 

Needle  1      Needle  2 

Dover    66  1911  before  use   1'.2  O'.O 

after      »   —1.1  2.7 


Needle  1  Needle  2 

Dover  229  1912  after  use    0'.9  0'.7 

1913  before  »    0.5  1.5 

after      »   1.7  1.5 

1914  before    »>    —1.4  —1.0 

after      »    —0.6  0.4 

1915  before    »    0.4  —0.1 

after      »    —0.8  —0.3 

1916  before    »    0.0  0.7 

after      »    0.1  0.2 

J  91 7  before    »    —1.0  0.1 

after      »    —2.0  —0.1 

1918  before    •  . . .'   —0.6  0.8 

1922  before    »    —2.2  1.4 

after      »    —1.1  0.8 

1923  before    »    —0.8  0.7 


At  some  stations  in  1923  the  needles  of  dip  circle 
No.  237  were  used,  to  which  a  correction  of  1'.2  and  3'. 3 
were  determined  at  Sodankyla. 

The  magnetic  needles  Nos.  3  and  4,  whose  magnetic 
poles  need  not  be  changed,  were  used  at  some  stations 
during  the  year  1913.  For  them  the  following  corrections 
were  obtained  (4  p.  5): 

Needle  No.  3      Needle  No.  4 

before  use    — 4'. 4  l'.O 

after  use   —3.4  2.2 

Although  not  as  good  results  were  obtained  with 
these  needles  as  in  the  regular  way,  their  results  have  been 
included  in  this  treatise  by  giving  them  one- half  of  the 
weight,  compared  to  results  by  the  ordinary  methods. 


The  absolute  values  of  the  standards  of  the  base  observatories. 


The  magnetic  survey  of  each  country  is  conjoined 
to  the  research  work  comprising  the  entire  globe.  For 
this  purpose  it  is  absolutely  necessary  that  the  results 
obtained  with  the  instruments  used  agree  with  the  values 
given  by  the  international  standard  instruments. 

The  Magnetic  Department  of  the  Carnegie  Institution 
at  Washington,  in  connection  with  its  extensive  program 
of  sea  and  land  surveying,  has  already  made  comparison 
observations  in  most  observatories  of  the  world,  among 
others  at  Sodankyla,  by  which  the  differences  of  the  stand- 
ard values  of  several  observatories  have  become  known. 

When  during  the  years  1913  and  1914  I  was  entrusted 
to  arrange  the  magnetic  observatory  of  Sodankyla,  from 
experiences  gained  elsewhere,  I  considered  it  more  reliable 
to  determine  the  horizontal  constant  A  of  the  standard 
instrument  by  comparison,  because  the  necessary  appa- 
ratus for  its  absolute  determining  were  lacking.  The 
comparison  observations  I  made  at  Pavlovsk  in  the  year 
1914  with  a  standard  instrument,  the  Schulze  theodolite. 
From  these  observations  was  then  calculated  the  horizon- 
tal constant  of  the  instrument  (22  p.  11 — 13). 


Regarding  this  element,  a  complete  agreement  was 
thus  established  between  the  two  observatories,  and  during 
the  following  years  it  became  possible  to  study  the 
maintenance  of  the  value  received  for  the  horizontal  con- 
stant (6  p.  6—7  and  7  p.  4—5). 

The  measurements  of  the  inclination  were  made  at 
Sodankyla  with  the  Schulze  earth  inductor  No.  104,  which 
had  been  tested  at  the  magnetic  observatory  of  Potsdam, 
and  for  which  a  correction  of  0'.19  (22  p.  14)  was  deter- 
mined there.  Because  the  same  kind  of  instruments  were 
in  use  at  Pavlovsk,  and  on  account  of  the  great  accuracy 
given  by  earth  inductors,  the  instruments  of  the  both  base 
observatories  were  considered  to  agree  sufficiently  well 
in  this  respect,  and  therefore  no  comparison  observations 
were  made  with  the  more  unreliable  Dover  dip  circle. 

In  conformity  with  this  same  point  of  view,  the  making 
of  special  declination  observations  in  those  conditions 
was  considered  unnecessary. 

Nevertheless,  when  the  possibility  once  existed,  it 
would  have  been  better  to  compare  all  the  standard  values 
of  Sodankyla  and  Pavlovsk,  both  in  inclination  and  dec- 
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1  i nat  ion ;  for  to  my  knowledge.  1 1 le  magnet ic  observatories 
of  Russia  still  have  not  been  compared  directly  with  the 
instruments  of  the  Carnegie  Institution.  In  no  event  can 
the  differences  of  the  inclination  and  declination  values 
of  Sodankyla  and  Pavlovsk  be  very  large,  and  may  not 
exceed  the  accuracy  obtainable  with  our  field  instruments. 

In  1922  the  Sodankylii  standards  were  compared 
twice  with  those  of  other  observatories.  Firstly,  Mr. 
G.  W.  Parkinson,  the  magnetician  of  the  Carnegie  insti- 
tution, on  the  trip  of  comparison  that  he  made  to  several 
Kuropean  observatories,  called  at  Sodankylii  observatory 
in  July.  Secondly,  1  had  occasion  to  make  a  comparison 
trip  to  Potsdam  in  October  with  a  subsidy  alloted  from 
the  Kordelin  General  Educational  and  Progress  Fund, 
thus  obtaining  another  connection  for  the  comparison 
observations  of  our  observatory.  A  Chasselon  theodolite 
No.  82  and  Dover  dip  circle  No.  229,  used  by  me  in  field 


work  during  the  previous  years,  were  used  as  instruments 
of  comparison  during  the  last-mentioned  trip. 

The  corrections  of  the  Sodankylii  standards,  according 
to  separate  comparison  observations  at  the  observatories 
of   Pavlovsk  and   Potsdam,  and  according  to  the  inter 
national  standards  (23  p.  95)  of  the  Carnegie  Institution  are: 

Declination      Inclination  Horizontal  intensity 

1014  Potsdam   —  o'.19 

1915  Pavlovsk    —  5.0  y 

1910  Pavlovsk    —  —  2.41) 

1922  Washington  ..  .  0'.5  0.30  —1.5 

1922  Potsdam   0.30  —3.1 

As  appears  from  the  above,  the  values  of  our  observ- 
atory agree  with  sufficient  accuracy  to  the  international 
magnetic  standards  of  Washington  and  to  the  standards 
of  Pavlovsk  and  Potsdam. 


The  reduction  of  observations  to  the  same  epoch  1915.5. 


As  nearly  the  entire  field  work  in  our  land  had  been 
made  during  the  years  1911 — 1919,  it  seemed  suitable 
to  take  the  middle  of  the  year  1915  for  the  common  epoch. 
The  following  normal  values  of  the  base  observatories 
belong  to  1915.5: 

Declination  Inclination       Horizontal  intensity 

Sodankyla   0°.27'.2  E    75°22'.l  X  0.12853 

Pavlovsk   2      0.8  E    70.54.9   N  0.10210 

These  normal  values  are  the  same  as  the  mean  values 
of  1915,  and  in  harmony  with  Schmidt's  definition  of 
normal  values  (24  p.  11,  12.). 

The  account  of  diurnal  variations  in  reductions. 

When  the  observation  results  of  the  first  years,  1910 — 
1913,  were  published,  the  hour-values  of  Pavlovsk  were 
not  obtainable,  for  which  reason  it  was  not  possible  to 
take  into  consideration  the  correction  due  to  the  differ- 
ence of  latitude  between  the  station  and  this  base  observ- 
atory. 

Even  when  1  started  this  work,  there  were  no  hopes 
of  obtaining  the  mean  hourly  values  of  Pavlovsk,  and  I 
was  therefore  forced  to  calculate  the  corrections  for  diurnal 
variations  according  to  the  mean  value-curves  of  the 
summer  months  of  the  year  1914  from  Sodankyla.  This 
manner  of  proceeding  I  accepted  for  the  reason ,  that  as 
the  year  1914  magnetically  was  still  a  rather  quiet  year 
of  the  sun-spot  period,  differing  very  little  from  the  mag- 
netic conditions  of  the  years  1910 — 1913,  the  diurnal  vari- 
ation of  Sodankyla  must,  in  general,  have  had  the  same 
character  as  that  of  Pavlovsk,  even  tho  its  amplitude  was 
different  (10  p.  22).  This  especially  holds  good  during 
the  daytime  (25  p.  147)  when  observations  are  made. 
After  the  correction  of  reductions  had  been  computed 
according  to  this  method,  Prof.  Melander  succeeded 
in  obtaining  the  hour-values  in  question  from  Pavlovsk, 


and  it  became  also  possible  to  control  the  results  calcu- 
lated according  to  Sodankyla.  It  appeared,  that  in  most 
instances  the  corrections  according  to  Sodankyla  agreed 
exactly  with  the  values  of  Pavlovsk,  and  only  at  the 
hours  of  the  extreme  values  of  the  diurnal  variations 
could  these  corrections  have  opposite  signs;  but  then  the 
corrections  were  very  small.  Because  in  the  field  of  obser- 
vation the  existing  magnetic  conditions  are  more  like 
those  at  Sodankyla  than  at  Pavlovsk,  it  was  considered 
more  suitable  in  such  doubtful  cases  to  give  preference 
to  the  results  of  Sodankyla  and  to  apply  them. 

The  greatest  correction  for  the  diurnal  variations 
at  declination  is  1',  at  inclination  0'.5,  and  at  horizontal 
intensity  7  /.  These  small  values  don't  actually  change 
the  results  of  former  years  obtained  without  them.  From  the 
scientific  side  of  the  question  however,  it  is  necessary  that  the 
influence  of  this  correction  shall  be  carefully  interpreted. 

This  correction  has  been  calculated  as  follows:  let 
the  longitudinal  difference  between  the  station  and  the 
base  observatory  be  J  ).,  and  the  change  of  the  mean  diur- 
nal variation  of  the  magnetic  element  for  this  difference 
J  e.  If  the  magnetic  state  at  the  base  observatory  during 
the  time  of  observation  is  e,  it  will  be  then  e  +  A  e  at  the 
station,  on  the  assumption  that  the  distance  from  the 
station  to  the  base  observatory  is  not  so  great  that  irreg- 
ular changes  of  magnetically  quiet  times  are  different 
at  the  station  from  that  at  the  observatory.  This  holds 
generally  true  within  the  limits  of  the  accuracy  of  obser- 
vation, as  we  shall  later  be  enabled  to  demonstrate. 

If  the  normal  value  of  the  element  is  e»,  the  reduc- 
tion of  the  magnetic  state  at  the  station  to  the  normal 
state  at  the  observatory  is 

0  The  values  given  in  the  publication  of  1916  were  not  quire  com- 
plete, which  we  herewith  wish  to  note. 
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and  at  the  station,  without  considering  the  correction  for 
the  difference  in  the  secular  change,  it  is 

er  =  ern  —  J  e. 

The  correction  in  question  is  calculated  from  the 
graphic  curves  of  the  monthly  diurnal  variations  by  inter- 
polation to  the  day  and  moment  of  observation  (6  p.  7). 
As  has  been  previously  explained,  during  the  early  years 
1910 — 1913,  the  mean  curves  of  the  summer  months  of 
Sodankyla  in  1914  have  been  accepted  as  satisfactory. 

The  calculation  of  the  secular  change. 

We  do  not  have  sufficiently  accurate  magnetic  results 
from  the  different  parts  of  our  territory  for  the  first  work- 
ing years.  1910 — 1913.  for  the  calculation  of  the  yearly 
values  of  the  secular  change  with  t he  same  accuracy  as 
during  later  times,  when  both  observatories  have  been 
operating.  During  this  early  time  we  are  enabled  to  esti- 
mate the  character  of  the  secular  change  only  from  the 
results  given  by  the  stations  which  have  been  made  in 
several  consecutive  years,  and  especially  by  the  repeat 
stations.  The  values  thus  obtained  cannot  be  entirely 
faultless,  because  various  sources  of  errors  affect  the  final 
results,  such  as  the  possible  faults  of  instruments  and 
magnetic  constants,  and  systematically  effecting  errors, 
such  as  the  unreliability  of  the  rate  of  the  chronometer, 
sometimes  an  error  in  the  torsion,  and  other  causes.  Fur- 
ther, the  reduction  for  t he  irregular  magnetic  changes  in 
manj'  cases  is  not  sufficiently  exact.  It  is  difficult  to 
separate  these  factors  from  each  other,  and  we  may 
consider  the  observation  result  at  every  station  mainly 
on  the  basis  as  to  how  it  agrees  with  results  obtained  in 
other  years  at  the  same  station,  with  a  view  as  to  whether 
the  determined  set  is  helping  to  explain  the  secular  varia- 
tion or  to  the  contrary,  "rendering  its  interpretation  more 
difficult.  In  conformity  with  this  point  of  view  the  results 
of  each  year  at  the  corresponding  station  have  been  es- 
timated. 

The  secular  change  at  the  base  observatories  is  seen 
from  the  following  table: 

Annual  means  of  magnetic  elements. 


Pavlovsk 

((f,  =  59°4T,0;  - 

.  =  2B°39'.II). 

Dfclinatii  ill 

Inclination      Horizontal  intensity 

Vertical  intens 

1910 

l'30'.O  E 

70  41'. 9  N 

0,16420 

0.46882 

1911 

37.2 

43.!) 

386 

73 

1912 

44.2 

46.0 

351 

65 

1913 

51.7 

48.5 

308 

54 

1914 

59.5 

51.6 

260 

49 

1915 

2  6.8 

54.9 

210 

50 

1916 

14.2 

58.3 

158 

50 

19177 

20.9 

71  1.6 

110 

58 

1918 

27.8 

4.9 

063 

67 

|919 

35.2 

7.9 

023 

82 

1'920 

42.7 

1  1.2 

0.15978 

97 

1921 

50.0 

1922 

58.9 

17.3 

897 

0.46927 

Sodankyla  ('/  -  67°22'.0;  /.  =  WKfSSjf. 


Declination 

Inclination 

Horizontal  intensity 

Vortical  intens. 

1914 

0°18'.3  E 

75°  19'.  2  N 

0.12905 

0.4926O 

L915 

27.2 

22.1 

853 

232 

1916 

34.6 

25.0 

806 

224 

1917 

42.0 

27.7 

765 

219 

1921 

1  13.3 

605 

1922 

22.6 

40.5 

561 

187 

The  annual  means  of  Pavlovsk  for  the  years  1910 
and  1911  were  obtained  from  the  publications  of  the 
Central  Physical  Observatory  of  Petrograd,  and  for  later 
years  from  written  copies,  kindly  forwarded  by  its  directors 
to  the  director  of  the  Meteorological  Central  Office. 

The  final  mean  results  of  Sodankyla  are  not  yet 
obtainable  for  all  years. 

At  first,  in  the  observation  work  of  1910 — 1913.  the 
results  of  each  magnetic  element  at  the  above  mentioned 
stations  were  reduced  from  the  epoch  1910.5,  used  in  the 
separate  reports,  to  the  normal  value  of  the  observation 
year  by  means  of  the  annual  changes  of  the  Pavlovsk 
observatory.  The  annual  variation  of  the  magnetic  force, 
because  of  its  relative  smallness  (26  p.  65),  may  be  consid- 
ered the  same  at  the  station  and  at  the  observatory.  The 
observations  of  the  -  latter  period,  1914 — 1923,  given  in 
my  separate  reports  and  in  manuscripts,  are  reduced  to 
the  mean  values  of  the  corresponding  years,  and  were 
also  directly  available  for  our  purposes.  In  this  manner 
were  obtained  from  different  years  heterogeneous  series 
of  observation  results  that  are  free  from  the  secular 
changes  of  the  base  observatories.  The  summary  of  the 
results  is  shown  in  table  1.  From  these  values  it  was 
possible,  by  means  of  the  annual  normal  values  at  the 
base  observatories,  to  deduce  the  secular  changes  for  the 
work  of  the  years  1910 — I ! >  1 3 .  Outside  of  our  observation 
territory,  the  repeat  stations  of  V.  Vaisala  and  Y.  Vai- 
Sal.a  at  Joensuu,  Nurmes,  and  lisalmi  (8.9)  have  been  used. 

It  a  sufficiently  complete  series  of  observations  dur- 
ing the  many  years  from  the  different  stations  existed, 
it  would  have  been  advantageous  to  analytically  deduce 
the  secular  change.  Because  the  conditions  for  this  nearly 
alw  ays  were  lacking,  it  became  necessary  to  proceed  in 
such  manner,  that  in  order  to  arrive  to  the  epoch  1915.5 
the  reduction  values  were  reduced  separately  from  the 
observation  results  of  each  year.  In  the  following,  when 
dealing  with  declination,  we  shall  set  forth  this  method 
in  detail. 

Declination. 

1910.  In  this  year  only  Dr.  Hintikka  had  observed, 
and  in  our  territory  are  situated  following  stations:  Murto- 
maki.  Oulu.  li.  Kuivaniemi.  Kemi  and  Tornio.  of  which 
all  except  the  last  mentioned  place  (to  the  close  proxim- 
ity of  which  buildings  have  been  erected  after  the  obser- 
vation year)  were  again  observed  —  Murtomaki  and  Oulu 
in  1911  and  1912  and  the  others  during  the  year  1918. 
Exactly  the  same  places  could  not  be  found  in  1918,  be- 
cause the  wooden  marking  poles  had  been  destroyed, 
and  for  that  reason  we  cannot  here  take  the  results  of 
this  year  for  a  basis  of  calculation. 


3 


to 


For  the  period    1910.5-  11)14.5  the  secular  change 
at  Murtomiiki  is  computed  to  be  Sl'.7,  and  when  to  this  is 
added  the  value  8'.2  for  the  year  1914.5    1915.5.  inter 
polated  direct  from  the  annual  changes  of  the  base  observ 
atones,  we  get  for  the  final  reduction  value  39'. !»  to  the 
epoch  1915.5.   Qulu  gives  direct  39'.6.  Their  mean  value. 

39'.  8. . 

lias  been  adopted  for  use. 

1911.  For  the  period  191 1.5-  1914.5  Murtomaki 
gives  a  change  of  23'. 9.  to  which  is  added  in  the  above 
manner  the  annual  change  8'. 2  from  the  last  year  and  finally, 
the  reduction  7'. 2  from  the  first  epoch  1910.5  (of  the 
report  of  this  year)  to  the  observation  year  1911.5.  The 
resulting  value  is  thus  39'. 3.  No  observations  were  made 
at  Oulu  in  the  year  191 1.  Imi  the  required  value  can  be 
obtained  in  this  case  by  taking  t  he  mean  value  of  1910  and 
1912.  which  with  the  observation  of  1915  gives  a  result 
of  39'. 4.  We  have  used  the  Murtomiiki  value  of 

39'.  3 

in  the  reduction  of  the  observations  in  North  Finland. 

1912.  Because  observations  were  made  in  two  differ- 
ent districts  of  North  Finland,  the  reduction  result 
must  be  studied  separately  in  each  district. 

In  the  northern  district,  the  station  Saba,  and  the 
Sodankyla  polar  station,  when  the  measurements  of  the 
year  1917  are  reduced  to  the  common  epoch  according 
to  the  adjacent  Sodankyla  observatory,  give  greatly  differ- 
ing values,  but  their  mean.  39'. 0,  accords  very  well  with 
the  correct  value. 

According  to  the  observations  of  1913.  for  the  period 
I9J3.5 — 1915.5  a  secular  change  of  17'. 4  is  obtained  for 
the  mean  latitude  of  the  northern  district  in  question. 
When  in  addition,  to  the  year  1912.5 — 1913.5  is  included 
the  secular  change  from  the  values  7 '.5  at  Pavlovsk,  by 
applying  the  mean  increase  of  the  secular  change  which 
is  apparent  in  the  observations  of  these  earlier  years  and 
in  the  mean  annual  values  of  the  base  observatories,  a 
value  of  8'.0  is  obtained.  In  this  way  we  get  the  reduction 
value  39'. 6. 

The  mean  of  the  values  reached  through  both  methods, 
39'.  3, 

we  have  adopted  for  use  in  our  northern  surveying  district. 

The  result  at  Murtomaki  is  uncertain  and  cannot 
be  used.  But  instead,  the  result  obtained  during  the  pre- 
vious year  at  this  station,  39'. 3,  may  be  used.  From  Oulu 
a  value  of  39 '0  is  obtained  directly.  When  greater  weight 
is  given  to  the  observation  of  Oulu.  we  obtain  the  result 

39'.  1, 

which  we  have  used  in  the  southern  district  of  North 
Finland. 

1913.  During  this  year,  observations  were  made  at 
nearly  all  the  repeat  stations  of  North  Finland,  and  for 
this  reason  we  have  here  a  more  extensive  amount  of 
material  for  the  study  of  the  secular  change  than  from 
previous  years.   First  we  deduce  the  reductions  from  the 


mean  value  of  the  observation  year  to  the  epoch  1915.5. 
using  as  help  the  results  of  the  base  observatories  at  those 
stations  where  no  observations  were  made  in  1915.  The 
following  values  are  thus  obtained: 


Pavlovsk   (   15'.  1 

Joensuu    17.2 

Nurmes   16.2 

Murtomaki  .   16.6 

Oulu    16.8 

Pudasjarvi   16.1 

Kuusamo  •   17.7 

Rovaniemi   16.5 

Sodankyla  obs   17.2 

Kittila    18.5 

Tormanen    18.2 

Toivoniemi   16.7 


The  observations  of  1917  gave  results  greatly  differ- 
ing from  each  other,  partly  depending  on  the  great  number 
of  disturbances  as  well  as  on  the  more  uncertain  results 
of  this  year.  But  their  total  mean,  18'.1.  differs  only  about 
0'.6  from  the  result  deduced  from  previous  values. 

By  graphic  smoothing  from  the  above  values  is  ob- 
tained for  the  secular  change  in  our  district  the  formula 

J  D  -  17'.4  +  0'.3  (y  —  67°). 

The  mean  difference  for  each  station  between  the 
directly  obtained  and  the  smoothed  values  is  ^  0'.6, 
which  result  is  practically  within  the  limits  of  the  accuracy 
of  observation. 

The  above  formula  gives  the  following  secular  changes 
for  the  repeat  stations  during  the  years  1913.5-  1915.5: 


Kemijarvi    17 '.3 

Kuolajarvi   17.4 

Kuusamo  -.   17.0 

Pudasjarvi   16.9 

Applying  it  to  the  observation  district,  the  resulting 
values  become  for  1910.5 — 1915.5: 

Stations  1—4   39'.0 

»        5—28    38.7 

»        29   38.9 

»        30    39jT  v 

»        31   39.4 

»j       32   39.6 

»        33    39.7 

»        34    40.0 


From  the  district  outside  of  our  territory,  in  the  con 
st  ruction  of  maps  the  following  stations  of  Dr.  V.  VaISala 
of  the  year  1913  have  been  used:  Nos.  20,  21,  23 — 26 
and  40  (8).  The  application  of  the  above  mentioned  formula 
and  the  usual  reduction  from  the  epoch  1910.5  of  Dr. 
Vaisala's  report  to  the  common  epoch  L915.5  gives  a 
value  of  38'. 0. 


1914.  This  year  was  the  first  working  year  of  the 
Sodankyla  observatory.  The  reduction  from  the  obser- 
vation year  to  the  common  epoch  is  best  reached  by  inter- 
polating the  annual  change  from  the  base  observatories 
to  the  mean  latitude  of  the  surveyed  district.  This  pro- 
cedure gives  the  result 

8'.6. 

In  the  observation  district  of  Dr.  V.  Vaisala,  the 
-tat ions  Xos.  11,  20 — 27  have  been  used  and  the  reduction 
value,  thus  obtained  in  the  ordinary  way.  for  1910.5 — 
1915.5  is 

37'.6. 

11(15.  The  values  of  the  elements  at  the  stations  have 
been  taken  directly  from  the  annual  publication. 

The  observations  of  Dr.  V.  Vaisala  have  been  reduced 
to  the  normal  value  of  1915  at  Pavlovsk,  and  the  thus 
reached  values  have  been  used. 

1916.  Because  the  annual  change  of  declination  in 
1915.5 — 1916.5  is  the  same  at  Sodankyla  as  at  Pav- 
lovsk, 7'. 4.  it  is  applied  directly. 

1917.  The  district  of  observation  is  approximately 
in  the  same  latitude  as  Sodankyla.  and  therefore  it  gave 
direct  the  required  reduction  value 

— 14'.8. 

1918.  The  work  of  the  base  observatory  was  interrupt- 
ed for  three  months  during  the  observation  year  because 
of  the  war.  and  it  was  therefore  impossible  to  calculate 
the  normal  values  for  the  year.  The  observations  were 
I'-duced  to  the  provisional  value  0^48'. 0.   The  difference, 

— 20'.8, 

of  this  value  from  the  common  epoch,  was  applied.  This 
agrees  closely  with  the  corresponding  reduction  value. 
21'.0,  of  Pavlovsk  of  the  same  year. 

1919.  The  observations  were  reduced  to  the  value 
0°56'.0,  from  which  the  reduction  to  the  common  epoch 
was  made  as  above,  and  in  this  way  was  obtained  the 
required  value. 

— 28'.7. 

1922.  Because  the  secular  change  of  the  declina- 
tion, in  accordance  with  the  values  of  the  base  observa- 
tories, grows  from  the  south  to  the  north,  it  was  consider- 
ed advisable,  in  order  to  reach  the  best  results,  that  the 
required  reduction  value  should  be  computed  direct  from 
the  secular  changes  of  the  base  observatories  to  the  mean 
latitude.  In  this  way  was  obtained  a  reduction  value  of 

—56 '.2. 

The  repeat  stations  observed  in  this  year  gave  a 
value  of 

— 55'.8. 

Tn  our  opinion,  the  former  is  most  reliable,  wherefore 
we  have  used  it. 

1923.  Because  the  mean  value  of  the  observation 
year  had  not  yet  been  computed,  the  observations  at  first 
were  reduced  to  the  approximate  normal  value  1J32'.0. 
The  reduction    values   were  obtained   from   the  secular 
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changes  of  the  base  observatories  by  interpolating,  accord 
ing  to  the  Latitude  of  the  stations.    We  get  thus  at  the 
northernmost  station.  Muonio.  the  amount  —  68'. 0,  and 
in  the  southernmost,  Tornio,  — 65'. 9. 

Inclination. 

1910.  The  repeat  station  Oulu  gave  a  reduction 
value  of  12'. 5,  and  Murtomaki  12'. 9  from  observations 
of  1910  and   1911.    Their  mean  value, 

12.7, 

has  been  used. 

1911.  When  the  mean  value  of  both  adjacent  years 
from  Oulu  is  taken,  and  from  Murtomaki  is  formed  in  addi- 
tion to  the  ordinary  result  of  1911  another  value  for  the 
observation  year  in  the  same  manner,  we  obtain  from 
them  reduction  values  of  12'. 4  and  12'. 7.  Because  the  result 
of  Murtomaki  is  more  accurate,  we  gave  it  double  weight 
and  obtained  for  the  required  value 

12'.6. 

1912.  From  the  observations  in  the  northern  district 
a  reduction  value  of  11 '.2  was  obtained  according  to  the 
polar-station  of  Sodankyla.  The  results  of  Saha  are  un- 
certain. But  instead,  the  northern  repeat  stations  gave 
for  the  following  year  11'. 4,  which  value  we  have  accepted 
for  use  here. 

In  the  southern  district  was  obtained,  according  to 
Oulu  and  Murtomaki.  a  reduction  value  of 

12'. 6. 

1913.  According  to  the  observations  of  this  year 
the  reduction  values  for  1913.5—1915.5  are: 


Murtomaki   6'.  3 

Pudasjarvi   3.6 

Kuusamo   5.5 

Rovaniemi   4.4 

Kuolajarvi   5.0 

Sodankyla  polar  station    4.9 

Sodankyla  observatory   5.6 

xMutenia    4.5 

Toivoniemi   4.2 


From  the  first  group,  Murtomaki — Kuolajarvi.  is 
deduced  the  amount 

11'.6, 

and  from  the  other,  Sodankyla — Toivoniemi. 

II'.  4, 

which  values  we  have  used  for  the  respective  districts. 

For  stations  in  the  district  of  Dr.  V.  Vaisala.  we 
have  applied  the  value  13'. 0.  direct  according  to  Pavlovsk. 

1914.  For  the  annual  change  in  the  observation 
district  a  value  of 

3'.0 

was  interpolated  from  the  respective  values  of  the  base 
observatories. 

The  reduction  value  of  Pavlovsk,  13'. 0,  for  1910.5 — 
1915.5  has  been  used  for  the  stations  of  Dr.  V.  Vaisala. 
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1915.  Values  previously  reduced  to  the  common 
epoch,  as  used  in  the  annual  publication,  have  been  accept- 
ed without  changes. 

In  the  stations  of  Dr.  V.  Vaisala  have  been  used  the 
values,  reduced  to  the  corresponding  animal  mean  of 
Pavlovsk, 

L916.   The  observation  district  is  north  of  Sodan 
kyla,  and  as  the  annual  change  decreases  from  Pavlovsk 
to  Sodankyla,  it  w as  considered  advisable  to  form  the 
required  annual  change  by  extrapolating.  In  this  manner 

the  value 
was  reached. 

1917.  The  observations  were  reduced  directly  with 
the  secular  change 

— 5'.(> 

of  Sodankyla. 

I!MS.  For  the  mean  latitude  of  the  stations,  the 
required  value. 

— 8'.6 

has  been  interpolated  from  the  secular  changes  8'. 2 
and  — 10'. 0  of  the  base  observatories. 

L919.  The  observations  were  reduced  a<  firsl  to  the 
approximate  mean  value.  7(>":{2'..~>  of  1919.  from  which 
reduction  was  made,  using  of  the  value 

— n'.o. 

interpolated  to  the  mean  latitude  of  the  observation 
district. 

1922.  The  value 

— 17'.5 

was  obtained  by  the  same  method  as  employed  in  1916. 

1923.  The  observations  were  reduced  first  to  the 
approximate  normal  value.  75°42'.6.  The  reductions 
were  interpolated  to  the  latitudes  of  the  stations  accord- 
ing to  the  values  of  the  base  observatories.  The  reduction 
value  in  the  most  northern  station  was  — 20'.  1  and  at 
the  southernmost  — 21 '.5. 

Horizontal  intensity. 

1910.  The  observation  results  of  Murtomaki  were 
evidently  too  great,  and  for  that  reason  the  reduction 
value  — 211  )',  was  calculated  from  the  observations  of 
the  following  year.    Oulu  gave  — 203  y.  Their  mean  value. 

—207  y, 

has  been  used. 

1911.  For  the  reduction  at  Oulu  is  taken  the  mean 
from  the  results  of  the  years  1910  and  1912,  -which  with 
the  above  value  of  Murtomaki  gave  a  value  of 

—207  7, 

1912.  At  the  northern  district,  according  to  Sodan- 
kyla polar-station  and  Saha.  for  the  secular  change  was 
obtained  — 198  /.   Instead  of  it.  the  value 

—200  y, 

which  was  obtained  from  the  observations  of  the  following 
year,  has  been  considered  more  reliable. 


In  the  southern  district,  the  results  of  the  previous 
year  at  Murtomaki  and  those  of  the  observation  year 
at   Oulu  gave  a  mean  value  of 

—207 

which  is  used.  The  secular  changes  of  the  repeat  stations 
X urines,  lisalmi  and  Joensuu  were  calculated  to  control 
this  value,  and  the  same  amount  was  reached. 

1913.   The  secular  change  for  1913.5—1915.5  accord- 


ing to  the  different  stations  is: 

Pudasjarvi    —  98  y 

Kuusamo    —  97 

Rovaniemi    — 100  *) 

Kemijarvi    —  92 

Kuolajarvi    — 101 

Sodankyla  observatory    — 100 

Sodankyla  polar  stal  ion    ST 

Saha   —  89 

Kittila   —  82 

Mutenia   — 101 

Tormanen    —  77 

Toivoniemi   —  81 


The  five  first-mentioned  stations  gave  for  1910.5 — 
1915.")  a  reduction  value  of 

—210  y. 

w  hich  we  have  used  for  the  observation  district  of  the  year. 

From  the  results  of  the  other  stations  was  obtained  for 
the  reduction  of  northern  stations  the  value 

—200  y. 

The  repeat  stations  Xurmes.  lisalmi  and  -Joensuu  gave 
the  result 

—207  y 

for  the  stations  of  Dr.   V.  Vaisala. 

1914.  The  annual  change  of  Sodankyla  for  1914.5  — 
1915.5. 

—52  y, 

was  acceptable  here  for  the  stations  of  the  ordinary  district; 
but  for  the  stations  of  Dr.  V.  Vaisala  was  deduced  the 
reduction  value  for  1910.5 — 1915.5. 

—209  y, 

1915.  The  values  have  been  taken  from  the  special 
report  of  the  year,  and  for  the  stations  of  Dr.  V.  Vaisala 
the  results  were  reduced  according  to  Pavlovsk. 

1916.  As  the  secular  change  between  Pavlovsk  and 
Sodankyla  annually  diminishes  on  the  average  of  about 
3  y,  it  is  proper  to  use  the  extrapolated  reduction  value 
of  Sodankyla 

46  y. 

1917.  For  tins  year  the  secular  change  of  Sodankyla, 

88  y, 

was  applicable  directly. 

I '.MS.  The  interpolation  made  between  the  secular 
changes  of  the  base  observatories  gave  for  the  district 
a  mean  reduction  value  of 

1 40  y. 

')  The  observation  pf  1918  with  one-half  of  its  weight. 


1919.  The  observations  were  first  reduced  to  the 
approximate  mean  value  of  the  year.  H  =  0.12(580.  from 
which  was  deduced  the  general  reduction  value  for  the 
piean  latitude  of  the  district  by  interpolation  between 
the  base  observatories.- 

1922.  By  applying  the  same  method  as  in  the  previous 
years,  the  reduction  value 

287  Y 

was  obtained. 

1923.  The  observation  results  were  first  reduced  to 
the  value,  H  =  0.12520.  from  which  the  reduction  to  the 
common  epoch  was  made  in  the  same  manner  as  above 
explained  in  declination  and  inclination.  The  reduction 
value  was  thus  at  Muonio  331.  and  at  Tornio  338  y. 

The  investigated  territory  in  its  entirety  forms  a 
comparatively  narrow  territory  from  the  north  to  the 
south.  Therefore,  because  the  distance,  of  longitude  be- 
tween the  repeal  stations  is  small,  from  their  incomplete 
observation  results  it  was  impossible  to  obtain  the  depend- 
ence of  secular  change  on  geographic  longitude.  There- 
fore, we  must  be  satisfied  with  the  above  results.  The 
dependence  of  secular  variation  on  longitude  apparently 
becomes  more  important  in  the  re  duct  ion -work  of  the 
southern  territory,  where  its  part  in  the  reduction 
must  be  studied  more  closely.  Then  also  can  be  deter- 
mined the  uncertainty,  which  in  this  respect  remains  in 
oiii  work.  The  errors  resulting  therefrom  probably  do 
not  go  beyond  the  acctiracy  of  obervation,  and  in  no 
event  can  it  become  apparent  in  maps. 


The  accuracy  obtained  by  the  above  reduction  values. 

To  get  some  idea  of  the  reliability  of  the  secular 
changes  for  the  first  years.  1910 — 1013.  the  reduction 
values  for  these  years  were  deduced  in  the  other  way.  on 
the  assumption  that  the  general  character  of  secular 
change  in  our  country  during  these  years  was  the  same 
as  during  the  period  from  the  common  epoch  to  the  latest 
annual  values,  i.e..  the  normal  values  of  1922. 

By  comparing  the  normal  values  of  Sodankyla  and 
Pavlovsk  for  the  years  1022  and  1015  we  find  the  average 
differences  of  the  annual  changes  to  be  (meaning  Sodan- 
kyla minus  Pavlovsk): 

Declination   -f-0'.o 

Inclination    — O'.fi 

Horizontal  intensity   — 3  y 


With  these  values  we  calculate  from  the  values  of 
Pavlovsk  the  annual  change  for  Sodankyla  for  the  time 
1010.5  1014.5,  and  then  interpolate  for  each  year  the 
reduction  values  according  to  the  mean  latitude  of  the 
surveyed  district  from  the  epoch  1910.5  of  the  annual 
publications  to  the  common  epoch  1915.5.  In  this  manner 
we  >obtain  for  declination  the  results  in  the  first  column 


in  the  following  table,  which  contains  also  the  results 
above  deduced  from  observations: 


Reduction  values. 

Calculated  Obtained  from  Diiference 
observation 

1910                                          39'.5  39'. 8  0'.3 

1911   «                                38.6  39.3  —0.7 

1912  Northern  district                30.4  30.3  0. 1 

Southern  district                38.1  39.1  -1.0 

1913  Main  district                     38.1  38.7  -0.6 

In  mos!  cases  the  calculated  amounts  arc  smaller, 
but  the  absolute  difference.  0.5  .  between  both  reduction 
values  is  within  the  limits  of  accuracy  of  the  reduction. 

For  inclination  the  same  method  gives: 


Reduction  values. 

Calculated 

1910  ,  11'. 1 

1911    *11.9 

1912,  Northern  district    11.4 

Southern  district   ....  12.4 
1913  Main  district    12.6 


Obtained  Horn 
observation 

12'.7 
12.6 
11.4 
12.6 
IJ.6 


Difference 

— 1'.6 
—0.7 
o.o 
—0.2 
l.o 


The  agreement  in  this  case  is  not  so  close  as  in 
declination  but  the  absolute  difference.  0'.7|,in  all  events  is 
within  the  limits  of  the  required  reduction  accuracy. 

For  the  horizontal  intensity  we  obtain  values  as 
follow  s: 

Reduction  values. 


Calculated 

Obtained  from 

Difference 

observation 

1910 

—203  y 

—207  y 

4  y 

1911 

—201 

—207 

0 

1912 

Northern  district  . 

—206 

—200 

—6 

Southern  district  . 

,  —210 

—207 

—3 

1913 

Main  district  

—211 

—210 

,—1 

The  differences  here  are  very  small    3  )'. 

If  we  should  not  have  had  occasion  to  use  the  obser- 
vations of  repeat  stations  from  the  first  years,  the  last 
mentioned  computation  by  extrapolation  would  also  have 
given  suitable  reduction  values.  But  because  we  prefer 
to  use  t  lie  actual  observations  in  tlus  kind  of  work,  we  have 
finally  accepted  the  above-mentioned  reduction  values 
deduced  from  them. 

It  is  difficult  to  estimate  exactly  to  w  hat  extent  the 
reductions  of  observations  become  untrustworthy  because 
of  the  distance  of  the  base  observatory.  In  order  to  obtain 
some  kind  of  an  idea  of  this  fact,  the  observations  of  1914 
were  reduced  according  to  both  base  observatories.  From 
t  he  character  of  the  various  changes  in  the  earth's  magnetic 
force  follows  that  the  reduction  results  obtained  during 
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magnetically  quiet  and  disturbed  times  must  he  examined 
separately.  To  the  disturbed  times,  however,  arc  accounted 
there  only  those  cases,  when  the  disturbance  lias  a  mag- 
nitude rising  above1  the  periodic  amplitudes,  i.e.,  in  this 
instance,  above  the  mean  diurnal  variations.  According 
t'0  this,  the  smaller  disturbances  arc  counted  to  the  group 

of  quiet  times. 

The  differences  of  the   reduced   results  (I'avlovsk 

Sodankyla),  their  average  anomalies,  and  their  maximum 

values  are  as  follows: 


Quiet  time  Disturbed  time 

Mean  value  Anomaly  Maximum  Mean  value  Anomaly  Maximum 


Declination 
Inclination 
Horizont.  int. 


(>'.() 

-0.9 
14  )' 


1'.4 
0.5 

8 


— 4'.1 
--  2.<> 
38 


r.9 
().() 
u 


6'.3 
L.6 
4 


12.7 
2.0 
51 


Dr.  V.  V a isa i, a  has  also  reduced  the  observations  of 
the  same  year  (MH4)  according  to  both  observatories 
and  the  results  in  his  district,  which  is  a  little  closer  to 
I'avlovsk  than  to  Sodankyla.  are  the  following: 


Quiet  time  Disturbed  time 

Mean  value  Anomaly   Maximum  Mean  value    \nomaly  Maximum 


Declination  — 0'.3  l'.O 
Inclination  — J  .0  0.7 
Hori/.ont.  int.      8  y  (i 


(i'.4 

-4.4 
99 


-I'9 

•11.5 
74 


5 '.6 
<>.5 
47 


10'.4 

-24.3 
150 


From  these  figures  it  is  seen  that  observations  made 
during  quiet  times  give  satisfactory  results,  even  tho  the 
base  observatory  is  as  far  away  as  in  the  former  case, 
about  6.5°  to  the  south.  The  reduction  values  approach 
each  other  closely  in  declination  and  horizontal  intensity 
when  the  district  is  situated  about  halfway  between  the 
base  observatories,  but  not  in  inclination. 

hi  some  stations  the  differences  are  beyond  the  per- 
missible limits,  however. 

If  the  observations  are  made  during  disturbed  times 
the  reduction  will  usually  be  impossible,  as  is  to  be  expected. 
In  these  cases  it  is  necessary  to  re-survey  such  stations 
later. 

Additional  tacts  concerning  the  estimating  of  the 
accuracy  and  the  reductions  of  observations  are  given  by 
the  final  reduced  values  of  each  year  at  repeat  stations 
and  at  stations,  comparable  to  them,  in  the  table  1.  When 
the  final  mean  value  of  every  such  station  was  computed, 
to  the  result  of  each  year  was  given  a  weight,  correspond- 
ing to  the  number  of  separate  measurements.  (According 
to  the  number  of  operations  in  H,  made  in  1911 — 1913 
(2),  each  observation  is  given  a  weight  of  two.)  The  errors 
of  the  final  results  of  such  a  station  are: 

Mean  error  Maximum 

Declination   r;l'.2  ±2'.  6 

Inclination    0.5  2.2 

Horizontal  intensity   5}'  14 


It  is  evident  that  at  these  stations  the  results  of  the 
separate  years  agree  with  each  other  very  well,  because 
the  observation  results  of  the  first  years  have  been  used 
for  the  calculation  of  the  secular  change. 

We  shall  further  examine  the  observation  results, 
by  considering  the  average  of  errors  that  separate  measure- 
ments have  given  at  each  station  during  the  same  year. 
This  manner  of  estimating  cannot  be  taken  as  absolute, 
for  the  observation  results  contain,  as  above  mentioned, 
different  kinds  of  uncertainties.  'The  mean  errors  of  each 
Station  in  the  azimuth  of  terrestrial  objects  I  A.  in  the 
declination  of  magnetic  force  ID.  in  the  inclination  1 1. 
and  in  horizontal  intensity  / //.  for  the  years  1911 — 1918 
and    1922—1923  are: 

Mean  error      .Minimum      Obs.  Maximum  Obs. 

year  year 

J  A                               0'.5       h  0'.3    1912  0'.6  1922 

JD                             0.5           0.3    1913  0.7  1910 

//                                0.7           0.4     1912  1.5  1911 

JH    .  1                  4)'             3    1914  0  1922 

The  accuracy,  that  can  be  reached  by  reduction  in  such 
countries  that  contain  a  sufficient  number  of  magnetic 
observatories,  according  to  Schmidt  (  10  p.  27)  is  I  '.()  in 
declination  and  inclination,  and  5  y  in  horizontal  intens- 
ity, but  in  larger  territories,  w  here  only  a  comparatively 
small  number  of  base  observatories  exist,  as  for  instance 
in  the  magnetic  work  of  the  United  States  of  America 
(  15 p.  14  and  22).  it  is  L2',(>  in  declination  and  inclination, 
and  j^O.OOl*//  in  horizontal  intensity.  In  high  magnetic 
latitudes,  where  diurnal-variation  corrections  and  reduc- 
tions on  account  of  magnetic  storms  are  more  uncertain, 
even  less  accurate  results  must  lie  accepted. 

The  above  results  show  .  that  if  the  times  of  magnetic 
storms  are  excluded,  our  observation  w  ork  generally  fulfills 
the  latter-mentioned  requirements,  which  are  satisfactory, 
considering  the  situation  of  the  surveyed  districts  in  the 
polar  region.  It  is  possible  that  the  first  mentioned  degree 
of  accuracy  could  be  reached  in  the  most  favorable  cir- 
cumstances with  Dover  dip  circles,  but  not  with  small 
Chasselon  theodolites  (2  p.  15,  16),  as  I  have  proved  in 
my  first  annual  publication.  The  actual  limits  of  accuracy 
with  this  instrument  may  be  considered  to  be  in  declina- 
tion Til'. 2  and  in  horizontal  intensity  4- 9  y. 

The  former  calculation  of  accuracy  does  not  concern 
the  observations  of  the  years  1919,  where  the  horizontal 
intensity  has  been  obtained  by  methods  differing  from 
the  ordinary,  in  most  cases  from  oscillation  observations, 
and  the  results  can  not  reach  more  than  a  half  or  a  third 
of  the  accuracy  of  that  above. 

At  some  stations  the  observations  were  made  during 
magnetic  storms,  wherefore  reductions  could  not  be  made. 
These  stations  have  been  omitted. 

The  reductions  are,  on  account  of  small  magnetic 
disturbances,  less  reliable  than  the  ordinary  at  stations. 
Nos.  4,  5,  13,  117.  170,  178,  180,  188,  207,  212,  219,  240, 
253,  254,  271,  278,  287,  295. 
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The  mean  values  of  the  magnetic  elements  at  the  epoch  1915.5. 


From  the  observed  elements,  declination,  inclination 
and  horizontal  intensity  reduced  to  the  epoch  1915.5  in 
the  manner  described  in  the  previous  chapter,  were  com- 
puted by  means  of  known  formulas:  the  total  intensity 
T  and  its  rectangular  components,  north  component  X,  east 
component  Y,  and  vertical  component  Z  positive  downward 
to  the  earth,  and  in  addition,  the  product  of  the  east  compo- 
nent and  the  cosine  of  the  latitude  Ycos</.  Table  No.  2 
contains  a  summary  of  elements  at  all  stations  in  the  order 
that  they  were  observed  yearly,  provided  with  a  continuous 
numeral  series.  When  observations  at  two  separate  places 
have  been  made  close  to  each  other,  they  usually  have 
been  marked  with  the  same  number;  but  the  results  have 
been  recorded  under  those  years  when  the  results  were 
obtained.  Such  stations  are  always  situated  at  disturbed 
regions.  This  is  the  first  attempt  to  find  out  the  character 
of  disturbance*.  To  this  group  belong  the  stations  No. 
39  Rovaniemi.  No.  95  Ivariniemi.  and  No.  234  Tervola. 

For  the  studing  of  magnetic  conditions  at  disturbed 
regions,  at  a  few  places  only  a  part  of  the  elements 
were  measured  as  an  addition  to  a  complete  set  of  observa- 
tions. The  observations  of  these  additional  points  have 
not  been  included  here,  however,  and  they  are  recorded 
only  in  special  annual  reports.  These  points  are  No.  13 
Kellojarvi,  No.  39  Rovaniemi  and  No  223  Orajarvi.  When 
conditions  permitted,  in  later  years  attempts  were  made 
to  place  the  additional  point  at  some  distance  in  order  to 
obtain  an  idea  of  the  size  of  the  disturbed  region,  and 
then  such  a  point  has  been  included  in  the  general  list 
by  an  separate  station  number.  To  this  group  belong  the 
pairs  Nos.  195  and  201,  207  and  209,  225  and  226. 

Beside  Petsamo,  in  the  northern  territory  are  other 
very  small  districts  from  which  observations  are  lacking. 
They  are  uninhabited  wildernesses,  where  it  has  been 
impossible  for  the  ordinary  expedition  to  enter.  In  the 
future  we  hope  to  complete  the  work  in  these  regions. 

Magnetic  maps. 

As  already  has  been  mentioned  in  the  introduction. 
I  have  attempted  to  construct  true  isomagnetic  lines.  At 
those  places  where  the  observation  stations  have  not 
happened  to  be  in  undisturbed  regions,  the  isomagnetic 
lines  pas*  fairly  smoothly  and  give  a  good  idea  of  the 
average  magnetic  conditions  prevailing  in  the  districts. 
The  case  is  different  in  the  disturbed  regions.  Naturally, 
our  density  of  stations  in  such  districts  can  not  show  the 
real  distribution  of  magnetic  disturbances.  We  must  then, 
as  has  been  done  elsewhere  under  similar  conditions,  be 
satisfied  with  the  fact  that  our  maps  only  inform  us  of 
the  existence  of  such  disturbed  regions. 

The  purpose  of  a  first  magnetic  survey,  above  all.  is 
to  ascertain  the  general  magnetic  conditions  of  the  coun- 
try, and  then  the  guiding  principle  in  the  choice  of  stations 
is,  that  in  the  neighborhood  of  the  observation  station 
rib  such  geologic  formations  exist  which  beforehand  may 


be  suspected  of  having  disturbing  influences.  On  the 
other  hand,  by  our  density  of  stations  the  work  belongs 
to  that  class  where  greater  disturbed  regions  appear- (J  1  p.  <S). 
The  conditions  in  this  case  require,  therefore,  that  the 
disturbed  districts  met  in  surveying  must  be  shown  in  some 
manner  in  the  maps  and  that  they  be  not  destroyed  through 
too  much  smoothing.  When  in  chartographic  work  is 
applied  this,  the  most  accepted  principle  in  use  at  present, 
the  general  character  of  the  research  demands,  thai  for 
the  complementing  of  the  maps  also  such  a  magnetic 
field  be  represented  which  shows  ideal  magnetic  condition*, 
free  from  disturbances.  We  shall  consider  this  question 
in  the  next  chapter. 

The  isolines  have  been  usually  drawn  by  approximate 
interpolation,  keeping  all  the  values  which  are  smaller 
than  the  value  for  which  the  line  shall  be  to  drawn  on  one 
side,  and  all  the  larger  values  on  the  other.  Useless  bends 
of  curves  have  been  avoided  whenever  possible. 

In  disturbed  areas  the  lines  have  not  been  drawn 
in  the  usual  way  in  declination  for  each  one-half  degree, 
in  inclination  for  each  ten  minutes,  and  in  horizontal 
intensity  for  every  100  Y  — but  only  the  most  character- 
istic lines  have  been  inserted.  In  most  cases  the  disturbed 
station  has  been  marked  with  a  small  circle  and  with  the 
smoothed  value  of  the  element.  We  are  using  this  method 
because  we  do  not  desire  to  burden  the  description  of  these 
places  with  too  man}^  lines. 

In  addition  to  the  isomagnetic  lines,  the  magnitude 
and  direction  of  the  disturbance  vector  of  horizontal  force 
is  presented  in  the  map  of  stations,  and  the  magnitude  of 
the  disturbance  vector  of  vertical  intensity  in  the  map 
showing  the  distribution  of  inclination.  The  magnitude 
of  the  disturbance  is  at  each  point,  as  usual,  the  differ- 
ence of  the  observation  result  (given  in  table  2)  from  the 
ideal  state  of  the  magnetic  field,  which  is  calculated  from 
the  equation  (A)  in  the  following  paragraph.  The  compo- 
nents of  the  disturbance  vector,  IX.  JY,  4Z,  and 
I  V  cos  <f>,  are  also  given  in  table  2. 

The  azimuth  a  of  the  horizontal  disturbance  vector, 
counted  from  the  north  with  the  sun,  is  obtained  from 
the  formula 


The  vectors  on  the  map  have  been  drawn  according 
to  an  azimuth  computed  from  this  formula.  It  was  not 
found  possible  to  draw  the  lenght  of  the  disturbance  vector 
directly  proportional  to  its  magnitude,  for  then  it  would 
have  been  impossible,  in  the  proportions  of  the  map.  to 
give  the  vector  such  a  lenght  that  the  smallest  disturbance* 
would  appear.  Therefore,  according  to  Schmidt's  (20 p.  38) 
method,  for  the  lenght  of  the  vector  was  taken  the  square 
root  of  its  numerial  value.  The  magnitude  of  the  vector, 
in  units  of  ten  gammas,  is  noted  by  figures  on  the  side 
of  the  arrow. 
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The  presentation  of  vectors  positivel}  supplemenl 
the  isoline  maps,  giving  a  perceptible  general  view  of  the 
disturbed  magnetic  conditions  of  North  Finland. 

fn  connection  herewith,  1  shall  not  go  into  longer 
explanations  of  the  details  of  the  maps,  nor  of  the  depend- 
ence of  results  upon  geologic  conditions.  The  drawing  of 
conclusions  in  the  latter  case  belongs  more  to  the  geologist 
than  to  the  terrestrial  magnetician.  It  may  he  noted  here 
however,  thai  larger  disturbances  are  met  in  connection 
with  rnetabasites,  quarzites,  and  schists,  as  can  he  seen  h\ 
comparing  our  maps  with  the  geologic  maps  of  Finland 
(Atlas  of  Finland   1910.    Map.  No.  3). 

Relatively  lew  disturbances  are  met  in  those  districts 
where  the  geologic  formation  is  granite  ami.  In  Lapland, 
granulate. 

The  heaping  of  Lsomagnetic  lines  throughout  the  whole 
count  ry  in  the  regions  of  the  polar  circle  (parishes:  Tm 
tola.  Royaniemi.  Kemijaivi  and   Kuusamo)  is  especially 
interesting.    At   stations   near  this  district,  an  unusually 


rapid  diminishing  of  horizontal  intensity  and  a  correspond' 
ing  increase  of  inclination  takes  place.  From  this  also 
follows  that  to  the  north  of  this  zone  in  the  disturbance 
vector  field  a  very  clear  attraction  ridge  of  magnetic 
force  is  formed,  travelling  across  the  entire  country,  to 
which  the  disturbance  vectors  on  both  sides  are  directed. 
The  English  investigators,  Rltoker  and  Thorpe;  call 
such  areas  »ridge  lines.).  Tn  some  other  cases  such  magnetic 
attraction  and  repulsion  areas  can  also  be  found:  hut 
often  the  disturbing  effects  in  disturbed  regions  are  very 
irregular,  which  demonstrates  that  in  such  districts  the 
magnetic  field  changes  very  rapidly  from  place  to  place 
in  the  same  region. 

Further,  it  is  known  that  in  many  places  of  the  most 
disturbed  areas,  as  at  Vuorijarvi  of  Kuolajarvi  and  in 
the  parishes  of  Sodankyla,  Kittila,  and  Kolari  magnetically 
very  strongly  disturbed  places  are  found,  where  as  the 
active  force  appears  magnetic  iron  ores. 
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The  character  of  the  ideal  magnetic  field. 


In  the  theoretic  study  of  the  magnetic  field  of  a 
c  ountry  ,  the  basis  for  such  investigation  is  the  distribution 
of  the  ideal  magnetic  force,  freed  from  local  conditions 
and  influences.  This  form  of  the  field  is  best  deduced  by 
analysis  from  observed  values.  At  present,  magnetic 
lines  thus  obtained  are  usually  called  terrestrial  lines. 
When  a  small  territory  is  in  question,  as  in  the  present 
case,  it  is  preferable  to  present  the  ideal  state  of  each 
magnetic  element  in  a  potential  series: 

(1)    e  =  a  +  bJcp  +  c  J)2  +  dJ(f+e  . Jl  +  f. /A2  4  

where  a,  b,  c,  d,  e,  /,  etc.  are  constants  and  4y>,  J/-  the 
difference  in  latitude  and  longitude  from  some  properly 
chosen  central  point:  for  this  reason  it  is  best  to  choose  a 
place  near  the  centre  of  the  surveyed  territory.  A  sufficient 
number  of  terms  should  be  taken  to  the  series  in  each  case 
for  obtaining  results  which  agree  sufficiently  close  to 
observed  values.  This  method  has  a  mainly  interpolatoric 
character,  and  can  not  in  any  manner  furnish  a  real  law 
of  the  distribution  of  magnetic  elements.  The  series  (1) 
is  strictly  applicable  only  to-  the  region  from  which  it 
is  deduced. 

The  distribution  of  ideal  magnetic  force  in  smaller 
territories  is,  as  is  known,  so  even  that  it  can  be  expressed 
by  the  linear  terms  of  a  series.  And  even  tho  this  were 
not  the  case,  the  linear  form  always  gives  the  most  im- 
portant part  of  the  change  of  the  element.  It  is  therefore 
the  most  advantageous  (28  p.  392)  to  form  the  first  pre- 
sentation of  the  element  from  the  linear  equation 

(2)  e  =  an  -f  b„  J <p  +  c0  J'/.. 
The  primary  values  for  the  calculation  of  this  series 
were  obtained  in  the  following  manner.  From  the  terri- 
tory first  were  separated  such  stations  where  the  least 
disturbances  were  noticeable.  Then  these  stations  were 
grouped  so  that  almost  every  group  consisted  of  four 
stations,  situated  close  to  each  other.  After  this,  the 
arithmetical  means  were  calculated  from  the  geographic 
position  and  from  the  different  magnetic  elements 
of  each  group.  In  all,  sixty  of  these  groups  or  »normal 
stations*  were  made,  and  they  are  presented  on  table  3. 
Because  there,  too,  inequalities  were  apparent,  it  was 
considered  sufficient  for  the  calculation  to  take  the 
mean  values  in  tenths  of  a  degree,  and  in  units  of  ten 
gammas.  For  the  same  reason,  equal  weight  was  given  to 
all  normal  stations,  even  tho  in  some  cases  at  the  boundary 
districts  some  normal  stations  were  formed  from  less  than 
four  original  stations,  and  even  tho  the  different  observa- 
tions can  not  be  considered  equally  good.  With  this  method 


it  was  tried  to  point  out  the  importance  of  observations 
on  the  border  regions  for  the  study  of  the  distribution  of 
force. 

The  coefficients  of  the  series  were  computed  by 
means  of  the  method  of  least  squares;  first  the  com- 
ponents X,  Fcosqp,  and  Z  were  deduced.  For  the  central 
point  of  the  whole  territory  was  taken  <P  =  66°. 5,  and 
X  =  27°.  o,  and  the  deviations  of  the  elements  were 
calculated  from  the  approximate  means  Xo  —  13370, 
Y0  cos  <P  =  80,  Z0  =  49390  y.  For  X  and  Z  was  taken  as 
unit,  1000  Y,  and  for  Fcos  (p,  100  y. 

The  coefficients  of  the  normal  equations  are: 

X         Ycos  (p  Z 
60.00    —2.10     '—0.40         0.23      —1.40  0.15 

193.19    —78.97    —79.68    ^5.79  62.12 

231.22       32.50      163.59  17.31. 

giving  the  following  solution  in  gammas: 

X     ==  13  359.4  —  412.7  J  <p  —    0.4  J I 
(A)     Ycosy  =        78.4  +      6.0  J  cp  4-  72.8  J'k 
Z     =  49  404.6  +  338.4  J  cp  +  40.7  J  A, 

where  /  <f  and  4  "k  have  been  given  in  degrees. 

In  considering  the  suitability  of  interpolation,  it  is 
important  to  know  the  mean  errors  of- the  coefficients: 


Unit  of  weight 

do 

bo 

Co 

x  ± 

123.0 

±  15.9 

±  94 

±  8.7 

Fcos  (p 

45.5 

5.9 

3.5 

3.2 

Z 

171.1 

17.1 

13.3 

12.1 

* 


We  now  have  the  possibility  of  investigating  to 
what  extent  the  terrestrial  magnetic  field  given  by  the 
first  two  equations  of  the  series  (A)  fulfills  the  conditions 
of  the  Gauss  potential. 

If  the  potential  of  the  magnetic  force  on  the  surface 
of  the  earth  is  V,  then  the  fundamental  equations  (29  p. 
138) 

(3)    X  —   and  Ycos  w  =   —  > 

R  dip  R  dX 

are  satisfied,  where  R  is  the  radius  of  the  earth,  considered 
as  a  sphere.  If  in  the  developments  of  the  series  (1)  of 
X  and  Fcos  <p,  the  corresponding  coefficients  of  the 
terms  are  siginified  with  the  indexes  x  and  y,  from  the 
equations  (3)  follow  that  the  conditions 

(4)   cx  =  bu  :  ex  =  2dy  ;  2  fx  =  e„ 
must  be  satisfied. 


< 


is 


In  the  equation  group  (A)  however,  cz  0.4  and 
by  =  6.0,  and  therefore  the  required  condition  is  not 
fulfilled;  but,  considering  the  mean  errors  of  the  coefficients 
cx  and  by,  the  difference  of  these  coefficients  is  within 
the  limits  of  accuracy 

Because  without  closer  study  we  do  not  know  it' 
the  linear  series  in  this  instance  is  sufficient  for  our  pur- 
poses, it  became  necessary  bo  find  out  if  a  better  agreement 
could  Be  established  between  the  values  deduced  from 
the  series  and  the  results  of  the  observations,  when  some 
additional  terms  were  added  to  the  series.  In  order  to 
simplify  the  considerable  calculations  contained  therein, 
a  new  group  of  normal  stations  were  established  by  com- 
bining two  of  the  former  into  one.  The  new  combination 
of  groups  was  effected  with  the  intention  that  the  general 
characteristics  of  the  field  should  remain  unchanged. 
The  results  of  calculations  in  that  which  follows  show 
that  no  such  changes,  worthy  of  mention,  have  occurred. 

The  new  normal  stations  were  mean  values  of  the 
follow  ing  pairs  of  stations,  given  in  table  3:  1,6;  2.3:  4, Jr.  7,8; 
9,14;  10,11;  12,  13;  15,  16;  17,  21;  18.  22;  10,  23;  20,  24: 
25,  26;  27,  30:  28.  31;  32.  35;  33,  38;  36.  37;  40;  41:  42.  44: 
42.  44;  43.  46:  45,  47;  48,  52;  49,  54:  55.  57:  56,  58;  59.  60. 

The  same  central  point  and  means  of  elements  were 
acepted  for  this  group  of  normal  stations  as  for  the  former; 
but  it  appeared  more  suitable  to  use  for  the  units  of  X 
and  Z  400  y  and  Ycos  (f.  LOO  )'• 

From  the  coefficients  of  the  normal  equations: 

X         Ycos<r  z 
26.0  0     —5.30         0.50         5.40     —0.50  -3.00 
87.95    —35.12    —89.38        18.90  71.81 
92.11-       36.06        59.73  —21.59 


are  deduced  the  solutions: 

X      =  13369.7  —  405.8  Ay  +    1.9  4k 
(B)    Ycosy  ==       77.8  +]     5.0  A  <p  +  66.8  JX 
Z       =   49413.0  +  342.7   /</  4-  36.8   t  / 


For  the  errors  we  obtain 


Unit  of  weight 

Oo 

b0 

Co 

H 

102.4 

±20.4 

±12.0 

±11.7 

ycos  <j 

27.7 

5.5 

3.2 

3.1 

z 

1  18.5 

23.5 

14.9 

13.5 

The  results  obtained  in  the  shortest  way  (B)  are 
within  the  limits  of  accuracy  with  the  first  (A).  This 
method  is  giving  results  corresponding  better  to  the 
requirements  of  the  Gauss  potential,  apparently  for  the 
re;<s<  >n  t  hat  in  t  his  the  normal  stations  represent  a  larger  area 
of  territory  and  are  freer  from  local  disturbances  than  in 
the  former  case.  The  greater  accuracy  of  the  unit  of  weight 
in  the  last -mentioned  case  also  follows  from  the  same 
reason.  But  instead,  the  mean  errors  of  the  coefficient* 
X  and  Z  are  greater  than  in  the  former. 

The  residual  errors,  which  were  caused  by  substitut- 
ing into  the  equation  group  (B)  the  values  of  normal 
stations,  were  developed  into  a  series  of  the  form  (1), 
where  the  quadratic  terms  have  been  included.  It  seemed 
more  suitable  in  the  calculation  to  take  for  temporary 

./  A  a>2  Ay  A X      .  AX2 

variables  the  tenths  of  the  terms         •  and 

10         10  10 

and  they  were  converted  into  bi-decimal  numbers.  But  the 

computing  here,  as  elsewhere,  was  carefully  made  with 

logarithms. 


The  coefficients  of  normal  equations  become: 


X 

Ycos  q> 

Z 

-5.300 

0.500 

8.780 

—3.510 

9.180 

0.060 

—0.010 

—0.030 

87.950 

—35.120 

1.256 

2.549 

1.745 

—0.031 

—0.009 

—0.014 

92.110 

2.525 

1.732 

-13.210 

—0.008 

0.011 

—0.059 

5.303 

—1.746 

3.021 

—0.070 

—0.403 

—0.797 

3.033 

—4.647 

0.272 

—0.825 

1.160 

10.986 

0.031 

1,288 

—1.286 

From  this  we  obtain  the  following  results  in  gammas  when  the  results  of  the  former  calculation  (B) 

are  signified  with  the  index  1: 

Z2      =  Xj         —  18.6  —  5.6  A  op  +  6.8  J X  ±  2.8  A  <p2  4   16.7        AX  +  8.9  J  X2 
y2cos  <p  =  Yicosy  —  12.0  —  0.1  J(f  ±  2.3,/A  +  lAA^  —    0.7  A  <p  J  X  +  1.8  J  I2 
Z%  Zj  +  53.1—0.1A(p  —  0AAX  —  9.5A<p2+l6.1A(pAX  +  0.1AX2 


We  obtain  for  the  mean  errors: 


Unit  of  weight 

a 

b 

c 

d             e  f 

X       ±106.6  y 

±40.8 

±14.1 

±14.9 

±8.3     ±13.5  ±8.3 

Ycos  (f  26.7 

10.2 

3.5 

3.8 

2.1          3.4  2.1 

Z  103.7 

39.7 

13.7 

14.8 

8.1         13.5  8.1 

When  to  the  last  result  is  added  the  previously  deduced  linear  series,  the  final  series  become: 
X.2     ==  13  351.1  —  411. 4.  /<r  ±    8.1  AX  ±  2.8./f/2  ±  16.7  J  <p  JX  ±  8.9  J  X2 
(0)     F2cosf/  =        65.8  +     4.9  J  tp  ±  69.1.7/  ±  1.4./y2-      0.7  Ay  AX  ±  1.8  A  X- 
Z2      =  49  466.1  ±  342.0  A  (p  ±  36.4.7/.  —  9.5  ./^2±   17. 1  A  <p  A  X  +  0.7, IX* 
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According  to  the  conditions  of  the  Gauss  potential, 
the  following  pairs  here  should  be  alike: 

8.7  and  4.9,  16.7  and  2.8,  17.8  and  —0.7. 

The  linear  part  of  the  series  meets  these  demands 
rather  well,  but  the  difference  in  the  quadratic  terms 
go  much  beyond  the  mean  errors  of  the  corresponding 
coefficients. 

The  series  (C)  does  not  give  results  which  agree  much 
better  with  observation  results  than  the  linear  series  (B). 
If  for  the  basis  of  comparison  at  every  normal  station  is 

taken  the  absolute  difference    v    between  the  result  of 

i 

observations  and  the  value  calculated  from  the  series,  the 
following  values  are  obtained  for  it: 


Difference 

M 

(B) 

(C) 

X 

71  y 

68  y 

Fcos  1 

20 

18 

Z 

90 

80 

From  the  character  of  the  surveyed  territory  it  follows, 
that  the  linear  series  give  essentially  that  accuracy  with 
which  the  observation  results  of  an  undisturbed  field  agree 
with  the  values  obtained  from  the  series.  With  reference 
to  the  central  parts,  the  northern  and  southern  districts 
of  the  territory  are  comparatively  free  from  disturbances. 

Even  in  the  values  of  our  normal  stations  a  consider- 
able amount  of  irregularities  is  to  be  found,  especially  in 
regions  of  the  central  territory,  from  which  results  that 
the  larger  differences  v  are  generally  met  in  these  territories. 
By  using  the  extended  series,  the  values  of  differences 
change  somewhat,  but  the  numbers  vj  are  so  large  that 
no  important  improvement  is  thus  reached. 

In  these  circumstances  it  was  considered  satisfactory 
for  our  purposes  in  the  presentation  of  the  ideal  conditions 
of  the  magnetic  field  to  be  satisfied  with  linear  functions. 
The  normal  stations  from  table  3  were  therefore  taken 
as  a  basis,  and  the  series  for  other  elements  in  this  way 
were  calculated  according  to  them.  The  final  results  are: 


D  = 

48'. 2  + 

9'.2  J?  + 

49'. 2  dX 

I  = 

74°50'.5  + 

32'.4  dtp  + 

0'.7  dX 

(A)    H  = 

13366.4  — 

412.2  dip  + 

0.6  dX 

T  4 

5118.1  + 

223.4  d  tp  + 

46.8  dX 

F  - 

191.0  + 

27.2  dtp  + 

187.1  dX 

The  central  point  of  the  territory  is  <jp  =  66.5°  and 
X  —  27.0°,  and  the  variables  J  (p  and  d  X  have  been  given 
in  degrees. 

W  hen  these  variables  arc  known  in  minutes,  as  the  case 
oftener  is,  the  equation  for  each  element  becomes  as  follows: 


D 

48'.  2  + 

0M5  ./  <p  + 

0.'82  dX 

I 

=  74°50.'5  + 

0'.54  d<p  + 

O'.Ol  dX 

H 

=  13366.4  — 

6.87  dep  + 

0.01  d  X 

(A')  T 

=  51181.1  + 

3.72  Jcp  + 

0.78  dX 

X 

=  13359.4  — 

6.88  dip  — 

0.01  dX 

Y 

=      191.0  + 

0.45  dtj,  + 

3.12  dX 

Z 

=  49404.6  + 

5.64  d  <p  + 

0.68  dX 

Y  COM  <P 

*=        78.4  + 

0.10  + 

1.21  dX 

When  these  equations  arc  applied  to  any  research, 
it  will  be  seen,  as  Angot  and  Schmidt  (30  p.  60  and  20  p. 
28)  remark,  that  the  different  values  of  the  elements 
computed  from  the  series  do  not  completely  satisfy  the 
fundamental  equations  between  the  elements.  Therefore 
these  series  do  not  represent  exactly  the  same  magnetic 
state.  The  required  character  and  exactness  of  the  values 
determine  in  each  case  which  primal  values  are  most 
advantageously  to  be  taken  from  the  series,  and  which  of 
them  must  be  calculated  from  the  fundamental  equations. 

We  also  here  insert  a  table  showing  the  units  of  weight 
and  the  mean  errors  of  the  coefficient  of  the  series  (A): 


Unit  of  weight 

do 

b0 

Co 

D 

±  29.9 

±  3.8 

±  2.3 

±  2.1 

I 

9.4 

1.2 

0.7 

0.7 

H 

121.9 

15.7 

9.5 

8.6 

T 

163.3 

21.1 

12.7 

11.6 

X 

123.0 

15.9 

9.5 

8.7 

Y 

113.1 

14.6 

8.8 

8.0 

Z 

171.1 

17.1 

13.3 

12.1 

Fcos  (p 

45.5 

5.9 

3.5 

3.2 

If  it  were  possible  to  consider  the  results  of  the  original 
stations  from  which  the  normal  stations  are  constructed 
independent  of  each  other,  the  weight  the  observed  ele- 
ments for  each  such  station  of  would  become  in  D,  I  and 
H,  viz.,  ±  60',  ±  19',  ±  19',  ±  242  y.  This  condition 
has  not  proved  to  be  true,  because  also  at  some  stations 
of  the  same  district  disturbances  appear  in  a  definite 
direction. 

Even  tho  the  horizontal  force  of  an  ideal  magnetic- 
field  (A)  fulfills  the  conditions  of  the  Gauss  potential 
within  the  limits  of  the  accuracy  of  the  series,  we  are 
not  thereby  permitted  to  assume  that  in  this  field  there 
can  not  be  any  part  having  no  potential.  The  non-potential 
field  is  caused,  as  is  known,  by  vertical  electric  currents 
flowing  outward  from,  or,  inward  into  the  earth.  The 
calculations  that  have  been  made  in  the  magnetic  surveys 
of  separate  countries  and  their  smaller  parts  for  the  de- 
monstration of  these  vertical  electric  currents,  have  given 
the  same  unreliable  results  as  our  ideal  field,  which  can 
always  be  explained  as  resulting  from  errors  in  observa- 
tion or  incompleteness  of  calculations.  On  the  other  hand, 
according  to  the  studies  of  Bauer  (31),  the  components 
of  the  horizontal  force  of  the  earth's  magnetic  field  cannot 
be  satisfactorily  represented  by  a  common  magnetic 
potential  composed  of  two  potential  systems,  the  one 
caused  by  a  field  in  the  earth  and  the  other  by  one  outside 
of  the  earth;  but  it  is  necessary  to  assume  an  additional 
system  not  having  a  potential. 

I  shall  leave  to  the  future  the  studying  of  this  non- 
potential  field  by  means  of  line-integrals.  Dr.  Hintikka 
has  made  the  first  investigations  of  this  question  in  our 
country.  He  has  found,  that  in  the  eastern  districts  of 
the  southern  part  of  North  Finland,  as  far  as  Kuolajarvi 
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and  in  a  district  near  Sodahkyla,  much  more  variable 
results  were  received  than  in  the  eastern  [tarts  of  South 
and  Central  Finland  (32  p.  57 — 58).  Tie  final  result  of 
Dr.  Hintikka's  investigation  in  that  respect  is  in  harmony 
with  calculations  comprising  the  entire  earth:  that  in 
territories  nearer  the  poles  negative  electricity  flow  s 
toward  the  earth's  surface.    (33  p,  38). 


Considering  its  northern  situation  and  density  of 
stations,  our  magnotic  survey  is  well  adapted  for  the 
further  studying  of  this  phenomenon. 

It  is  better  to  leave  more  extensive  investigations 
of  this  question  until  all  the  observations  of  our  entire 
c  ountry  have  been  prepared  and  reduced  to  a.  common 
epoch . 
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TABLES. 


Table  1.   Results  of  observations  at  stations  for  the  determination  of  the 

secular  change. 


No 

T)  p  /  •  1 1  n  1 1 1 A  n   (  Tl.\ 

AA/  fti  oli  t 

¥  V  Di  fci  LI  1/ 

f?wlin'itir»ii  \ 

l  1  1  <   1  1 1  lillIU  11  li 

Horizontal 
intensity 

V\  eigllL 

o 

1910 

—  0°  5.6' 

2 

73°  22.3; 

2 

14  593  y 

2 

6 
2 

2 

1911 
1912 
1914 

0  2.2 
14.7 
26.1 

3 
2 
2 

25.3 
27  1 
'32.8 •) 

2 
2 
2 

528 
512 
402 

1915.5 

0  35.6  ±  1.3 

73  35.6  ±  0.2 

1  J   O  /tit  r 

14  362  ±  7 

Oulu  r.  s   . 

72 

1910 

—  0  45.4 

3 

74  0.0 

L> 

14  021 

2 

1  01  9 

1915 
1918 
ui  y 

oU.O 

5.8 
0    4.2  3) 

\J    Ol.i  ) 

Q 

2 
2 

o 

A  O 

12.5 
21.0 

n 

2 
o 

818 
640 

DOSS 

4 

2 

2 

1015.5 

0    5.6  ±  0.1 

74  12.7  ±  0.1 

13  809~±_5 

Ii«)  ..,.'v£.. ....... 

22f» 

L910 

—  0  58.1 

2 

73  59.0 

i 

14  001 

1 

1918 

0  6.0 

2 

26.8 

2 

13  568 

2 

Pudasjarvi  r.  s  ■ 

100 

1913 
1914 
1919 

0  36.9 
44.5 

1  22.4 

2 
2 
2 

74  3.6 
4.2 
20.1 

2 
3 
2 

13  97? '-) 
926 
694 

4 
4 

2 

1915.5 

A     CO  C      t     A  Ck 

0  oo.o  ±  0.2 

i  a      o  i     i    a  a 
74     8.1  ±  O.b 

13  874  ±  1 

Kuivaniemi4)   

228 

1910 
1918 

—  1  10.7 

—  0  7.6 

2 
2 

74  4.9 
23.9 

2 

14  002 
13  630 

\ 

Ivemi4) 

230 

1910 
1918 

—  3  11.2 

—  2  UJS 

2 

2 

73  55.0 

74  16^ 

2 

14  067 
13  690 

1 

1  I 

2 

Tornio  r.  s  

231 

1918 
1919 

19.3 

—  2  23.9 

—  2  13.2 

—  1  34.6 

4 
? 

74  59.0 
59.2 

75  11.2 

3 
(5 

13133  . 

094 
12  909 

4 

2 
i 

1915.5 

—  g  41.5  ±  1.9 

74  49.6  ±  0.5 

13  280  ±  5 

Kuusamo  r.  s  

84 

1913 
1914 

2  19.5 
28  6 

2 

3 

74  33.8 

ou.o 

2 
3 

13  581 

535 

4 

5 

1915.5 

2  36.9  ±  0.3 

74  39.1  ±0.3 

13  483  ±  0 

Rovaniemi  r.  s  

39 

1913 
1915 
1918 

0  12.8 
29.3 
45.5 

3 
3 

4 

74  20.8 
34.0 

3 
2 
4 

14  022 
13  916 
780 

G  .- -i 

6 

2 

1915.5 

0  27.7  ±  2.3 

74  25.5  ±0.1 

13  920  ±  2 

i  .  1  .  m  i  i'J  i  vi  l.  n(  .... 

73 

1913 
1914 
1917 

2  24.9 
29.6 
60.5 

2 
3 

':>.  ' 

75  38.0 
37\8 
45.6 

2 

3 

4 : 

12  838 
812 
658 

4 
6 
2 

1915.5 

2  42.4  ±  2.6 

75  40.9  ±  0.7 

12  751  ±  6 

Kuolajarvi  

1913 
1917 

2  20.0 
50.1. 

2 
4 

75  3.9 
14.5 

2 
4 

13  265 
13  076 

6 

t:M< 

1915.5 

2  36.1  ±  0.9 

75    8.9  ±  0.0 

13  166  ±  1 

•  • 

F  elkosennienu  

1  Q1  A 

1917 

1  5.4 

ss 
4 

75  lo.2 
24.6 

o 
2 

1  O  QKl 
J  Z  £50  i 

701 

A 

4- 

3 

1915.5 

0  45.8  ±  4.8 

75  19.0  ±  0.2 

12  798  ±  8 

Sodankyla,  polarox- 
pedition  place  r.  s. 

45 

1912 
1917 

0  56.2 

1  32.1 

2 

74  46.3 
59.2 

2 
4 

13  392 
176 

4 
4 

1915.5 

1  18.7  ±  2.0 

74  53.4  ±  0.1 

13  262  ±  2 

Saha   

50 
1 

1912 
1917 

—  0  5.0 
0  38.4 

2 
2 

75  16.8 
27.3 

2 
2 

13  012 
12  794 

4 
4 

1915.5 

0  22.0  ±  1.7 

75  22.8  ±  1.4 

12  882  ±  0 

ioi 

1913 
1915 
1923 

2  59.3 

3  17.8 

4  26.4 

2 
3 
4 

74  23.2 
26.6 
45.6 

3 

3  * 

4 

13  842 
760 
433 

6 
5 
4 

1915.5 

3  19.2  ±  1.4 

74  26.2  ±1.0 

13  759  ±4 

')  The  reduction  after  Pavlovsk  uncertain  and  therefore  neglected. 

7)  The  first  observation  uncertain  and  therefore  neglected. 

3)  The  observation  uncertain  and  therefore  neglected. 

')  The  place  of  observation  at  different  years  not  identical. 

*)  The  observations  of  12  July  1913  were  made  during  perturbations  and  therefore  neglected. 


Station 

No 

Year 

Declination  (E) 

Weight 

Inclination  N 

Weight 

Horizontal 
intensity 

Weight 

Jerisjiirvi   

130 

1915 
1923 

-  6* 

—  4 

<».2' 
39  2 

2 
»> 

76s 

115' 
31.6 

o 
>> 

11914;- 
560 ' 

2 
1 

101  o.5 

-  5 

44.2 

76 

11.4  ±  0.2 

Muonio  r.  s  

140 

1915 
1023 

-  1 

—  0 

31.S 
20.1 

4 

.  4-  _ ' 

75 
76 

43.0 
42.2 

4 

12  728 
386 

6 

6 

1  (1 1  .\ 

1 . 1  L0«U 

—  1 

28.5 

-  3.3 

75 

43.0  1  0.9 

i o  taZ  ^  " 

102 

1918 

101 1» 

1017 

•  j 

V 

37.4 
43.6 

3 

b 
4 

i  D 

Wo 

51.1 

52.3 

3 

4 
4 

12762 
6*VJ 
573 

6 
6 
4 

0 

3"\0 

±  1.8 

75 

47.7  -0.7 

1 01  miinen  

103 

1013 
lOlli 

i 

32.8 
»-v  1 

3 
2 

75 

53.1 
58.4 

3 
o 

12  631 
508 

4 

4 

l.'l  J.O 

50.8 

±  o.i 

75 

56.S  11 

Toivonienii  r.  s.  . . . 

104 

1013 

0 

55.0 

3 

7ti 

5.7 

3 

12  500 

6 

1016 
1022 

i 
._) 

2>  >x< 
7  ■'• 

12.7 
26.0 

3 
4 

373 
099 

6 
6 

1015  5 

l 

12.5 

±  0.8 

7li 

9.8  ±  53 

12406  ±  10 

I'tsjoki  r.  s  

105 

1913 
1922 

i 
i 

o 

40.4 

3 
4 

ID 

77 

4U.o 

0.7 

3 
4 

12150 
11  772 

4 

8 

1915  5 

~~  1 

52.6 

-  oTe 

76 

44.3  M 

19  060  -  1 

Xunnes  r.  s  

1913 
1914 

1 

20.3 

O*  .4 

• 

4 

•> 

7.6 

LULU 

4 

o 

14  631 
581 

4 

2 

1015.5 

1 
1 

4«>.U 

a  o 

T  UUU 

-■i 

IO 

111  ill 

14.1    ~-  V.  1 

14  532  ±  1 

lisalmi  r.  s  

308 

1913 
1914 

1915 
1015 

1 

o 

56.0 

1.0 

12.1 

4 
1 

o 

73 

13.6 
14.8 
18.4 

4 

o 
o 

14  582 
530 
508 
490 

4 

2 
2 
2 

1015.5 

■_) 

12.3 

±  0.9 

73 

10.1    -  0.6 

14  487  ±4 

Joensuu  r.  s  

1012 

1 

55.4 

o 

72 

31.5 

o 

15  109 

3 

1913 
1014 

.-> 

3.0 
12.5 

5 
3 

34.1 

31  4 

4 
4 

<Xi5 
"15 

4 

6 

1915.5 

o 

10.2 

-  0.5 

72 

39.3  i  0-9 

14  966  -  1 

I  The  observations  of  1015  were  made  during  perturbations. 

;  The  observations  ot  July  26  1916  neglected,  because  the  observations  were  made  at  some  other  place. 


Table  2.    Results  reduced  to  the  epoch  1915.5. 


Xn 


Name 


1911 
Kajaani   

M (D'toiiiii 1. 1  i. 

Lamminniiiki 
Laakajarvi  . . 
Xuasjiirvi  . . . 


6  Jormasjiirvi 

7  Komula  . . . 
S  Sotkamo  . . . 
9  Pihlajamiiki 

10  Tipasjoki  . . 


11  Kovasin 

12  Tervasalnti  . 

13  Kellojiirvi  . . , 

14  Kuhmoniemi 

15  Lausjarvi  . . 


16  Saunajarvi  . 

17  Pesosenjarvi 

18  Rytyli  ..... 

19,  Siimsa  

20  Sarkeinen  . . 


21  Mertapera  . 

22  Ypykia  ... 
V3  Anattijarvi 

24  Saarivaara  . 

25  Vuokkiiarvi 


26!  Xaatalii 

27  Alalehto 

28  Ahvela  . 

29  Lshtola  . 

30  Kivela  .. 


31 
32 
33 
34 

35 

36 
37 

381 


3!) 
40 
41 
42 
13 


Isolehto  . . 
Lietejarvi  . 
Hyrynsalwi 
Kokkoiarvi 
I  lyyryia  . . 

Mustavaara 
Lchtovaara 
>f ieslahti  . . 


19J2 
Rovaniemi  I  . . 

Vikajarvi   

Yli-Xampajiirvi 

Onnela   

Vnojiirvi  


44 1  Torvineu  . . . 

45i  Sodankyl'i  r. 

46  Kelujiirvi  . . 

47  Vaalajarvi  . 
48'  Ylivaara  . . . 


49|  Petajaniemi 

50  Haha   

51!  Rakkiluosto 
52!  Seipajarvi  . . 
53  Perunka  . . . 


54;  Melalahti  . . 
55 1  Vuolijoki  . . 

56  Ounas  

57  Vekaraniemi 
58l  Kotila   


Latitude 

Longitude 

E.  of 
Greenwich 

D 

7 

R 

T 

X 

Y 

X 

Y  cos  (p 

Disturbing  force 

N. 

JX 

J  Y 

JZ 

j  Y  X 

COS  <f 

64' 

13.3' 

27 

43.2' 

0 

37. .7 

73°  39.5' 

14286/ 

50774;- 

14285;* 

156;' 

48723;- 

68y 

— 15y 

113y 

61" 

— 49; 

64 

0.0 

27 

23.8 

0 

35.6 

73 

35.6 

14362 

50849 

14361 

149 

4877X 

65 

-38' 

-62 

203' 

-27 

64 

2.5 

27 

46.5 

—  0 

53.4 

73 

18.8 

14744 

51349 

14742 

229 

49187 

—100 

368 

—  480 

583 

210 

63 

53.5 

27 

58.(1 

1 

27.9 

73 

27.3 

144!  15 

50899 

14490 

371 

48792 

163 

54 

68 

231 

30 

64 

11.9 

2  s 

4.0 

0 

49.0 

73 

34.2 

14521  • 

51340 

14520 

207 

49243 

90 

212 

—119 

573 

52 

64 

2.7 

28 

7.7 

0 

47.6 

73 

35.1 

14233 

50366 

14232 

197 

48313 

86 

—142 

-137 

—305 

60 

63 

53.8 

28 

24.1 

1 

19.5 

73 

30.7 

14367 

50620 

14363 

332 

48539 

146 

—69 

-43 

—43 

19 

64 

7.9 

28 

24.5 

1 

13.6 

73 

35.6 

14349 

50802 

14346 

307 

48732 

134 

9 

— 75 

72 

33 

64 

17.9 

28 

'29.9 

1 

37.4 

73 

39.5 

1421(1 

50502 

14204 

403 

48463 

175 

—63 

2 

—258 

1 

64 

2.3 

28 

45.2 

1 

53.1 

73 

32.3 

14385 

50763 

14377 

473 

48682 

207 

3 

37 

39  ; 

16 

63 

54.0 

29 

0.4 

1 

27.1 

73 

22.8 

14488 

50653 

14483 

367 

48538 

161 

51 

- 109' 

—69  ! 

—  48 

64 

5.2 

29 

6.0 

1 

59.6 

73 

33.4 

14322 

50596 

14313 

498 

48526 

218 

40 

9 

—149 

1 

64 

14.4 

29 

1.5 

— 3 

52.8 

68 

4S.2 

19419 

53708 

19374 

-  1317 

50074 

-572 

5083 

1190 

1352 

—517 

64 

7.7 

29 

30.8 

2 

46.2 

73 

35.4 

14386 

50922 

14369 

695 

48849 

303 

32 

128 

144 

56 

63 

54.5 

29 

31.3 

Q 

25.0 

73 

22.6 

14467 

50570 

14454 

610 

48458 

268 

26 

50 

—173 

22 

63 

55.7 

29 

57.4 

3 

2.1 

73 

29.6 

14435 

50806 

14415 

764 

48711 

336 

—4 

132 

56  i 

58 

64 

2.8 

30 

15.1 

3 

9.9 

73 

39.9 

14394 

51179 

14372 

795 

49112 

348 

3 

110 

404 

48 

64 

5.9 

29 

53.3 

2 

39.1 

73 

33.:; 

14433 

50993 

14418 

668 

48908 

292 

69 

41 

198 

18 

64 

16.5 

29 

49.3 

2 

56.4 

73 

42.2 

14253 

50794 

14234 

731 

48752 

317 

—39 

108 

—16 

47 

64 

16:9 

30 

15.3 

3 

3.3 

73 

39.3 

14309 

50846 

14289 

763 

48791 

331 

15 

67 

5 

29 

64 

17.6 

29 

26.4 

2 

33. 1 

73 

39.4 

14282 

50755 

14268 

636 

48704 

276 

-2 

76 

■  —52  1 

33 

64 

28.8 

29 

29.2 

2 

51.4 

73 

47.2 

14218 

50923 

14200 

708 

48896 

305 

8 

135 

74 

58 

64 

25.9 

29 

51.3 

2 

52.2 

73 

39.2 

14341 

50956 

14323 

718 

4X894 

310 

110 

83 

74 

36 

64 

41.2 

29 

38.7 

4 

4.1 

74 

0.5 

14197 

51532 

14162 

1007 

49538 

431 

57 

166 

638 

71 

64 

45.7 

29 

21.4 

2 

57.3 

74 

0.7 

14036 

50958 

14017 

723 

48987 

308 

—60 

160 

75 

68 

64 

55.5 

29 

15.3 

2 

20.9 

73 

53.3 

14136 

50939 

14124 

579 

48939 

245 

113 

28 

—23 

12 

64 

58.5 

28 

47.5 

2 

4.0 

74 

6.3 

13958 

50965 

13949 

503 

49016 

213 

—37 

33 

53  1 

14 

64 

58.4 

28 

27.7 

1 

46.7 

74 

8.2 

13938 

50990 

13931 

432 

49049 

183 

—59 

19 

103 

64 

45.8 

28 

56.8 

26.3 

73 

58.6 

14134 

51204 

14121 

601 

49216 

256 

44 

108 

321 

46 

64 

50.8 

28 

34.' ) 

■> 

0.1 

74 

0.0 

14013 

50838 

14005 

489 

48X69 

208 

—35 

59 

—41 

'  25 

64 

49.3 

28 

10.4 

0 

33.9 

74 

3.9 

13887 

50582 

13886 

137 

48638 

58 

—166 

—226 

-246 

—96 

64 

40.6 

28 

12.8 

— 2 

49.5 

.74 

11.4 

13839 

50795 

13822 

—  682 

48873 

 292 

—288 

—1047 

35  1 

-  448 

64 

40.8 

28 

30.6 

1 

47.3 

73 

47.2 

1416 « 

50740 

14160 

442 

48720 

189 

50 

28 

—130 

12 

64 

35.9 

29 

0.6 

2 

28.5 

73 

45.9 

14129 

50537 

14116 

610 

4X521 

262 

—27 

114 

—322 

49 

64 

25.6 

29 

3.4 

17 

53.4 

71 

23.5 

16549 

51862 

15749 

—5084 

49151 

-2195 

1536 

-  -5586 

363 

2411 

64 

28.6 

28 

37.1 

1 

47.0 

73 

50.8 

14101 

50685 

14094 

439 

48684 

189 

—98 

12 

-103 

5 

64 

33.2 

28 

16.5 

1 

28.5 

( 0 

00.  & 

14126 

50898 

14121 

364 

48898 

156 

—43 

—9 

101 

—4 

64 

23.6 

27 

59.1 

(1 

12.7 

73 

41.1 

14200 

50549 

14200 

52 

48513 

23 

—30 

—264 

—218 

—114 

66 

39.6 

25 

44.1 

— 0 

55.7 

76 

32.9 

12179 

52355 

12177 

—197 

50918 

—79 

-1187 

165 

1568 

—66 

66 

37.4 

26 

13.9 

0 

24.0 

75 

3.3 

13382 

51890 

13382 

93 

59135 

37 

72 

'  35 

721 

14 

66 

46.4 

26 

16.5 

— 0 

24.4 

75 

31.7 

12930 

51740 

12930 

—92 

50099 

—36 

—318 

-162 

632 

—64 

66 

57.2 

26 

18.7 

— 0 

35.5 

75 

23.4 

12907 

51169 

12906 

133  ■ 

49514 

—52 

—268 

—212 

—15 

—83 

67 

4.8 

26 

37.X 

1 

9.8 

75 

0.3 

LOG  1 0 

OloO/ 

— 269 

49.)bl 

— lOo 

152 

—412 

—25 

—160 

67 

11.8 

26 

38.9 

0 

44.6 

75 

13.8 

12978 

50-.  mm; 

12977 

168 

49224 

65 

—97 

20 

-403 

£ 

67 

24.5 

26 

36.2 

1 

18.7 

94 

53.4 

13262 

50876 

13259 

304 

49128 

117 

275 

162 

—568 

62 

67 

28.0 

27 

1.2 

1 

24.8 

75 

23.8 

12866 

51029 

12862 

317 

493X1 

122 

—97 

94 

—353 

36 

67 

25.1 

26 

12.2 

1 

0.1 

75 

8.5 

13142 

51250 

13140 

230 

49536 

88 

160 

162 

—  147 

62 

67 

37.3 

26 

13.8 

1 

46.4 

77 

1.3 

11624 

51758 

11618 

360 

50437 

137 

-1279 

283 

685 

108 

67 

48.7 

26 

46.3 

1 

22.9 

75 

36.5 

12812 

51548 

12808 

309 

49930 

117 

-11 

126 

192 

47 

67 

32.7 

26 

41.0 

0 

22.0 

75 

22.8 

12882 

51036 

12882 

82 

49383 

31 

—48 

—80 

-  360 

—30 

67 

11.5 

26 

57.8 

2 

43.1 

74 

21.4 

13921 

51626 

13905 

660 

49714 

256 

830 

454 

78  1 

176 

67 

9.6 

26 

13.7 

0 

27.8 

75 

44.5 

12546 

50938 

12546 

101 

49368 

39 

-  -541 

33 

 229 

13 

66 

45.3 

25 

58.2 

0 

30.5 

75 

17.0 

13079 

51485 

13078 

-116 

49796 

—46 

—174 

-129 

345 

-  51 

64 

24.1 

27 

40.3 

— 0 

9.0 

73 

10.5 

14183 

50458 

14183 

—37' 

48424 

—16 

—43 

—302 

—297 

—130 

64 

11.5 

27 

0.5 

0 

10.1 

73 

30.4 

14366 

50602 

14366 

42 

48520 

18 

53 

—108 

- 103 

-47 

64 

12.2 

27 

19.0 

1 

21.8 

73 

34.1 

14355 

50747 

14351 

341 

48674 

149 

42 

140 

35 

61 

64 

20.9 

27 

17.4 

1 

52. 1 

73 

39.4 

14373 

51079 

14365 

469 

49015 

203 

118 

-269 

326 

—116 

64 

36.2 

27 

47.3 

(1 

10.1 

73 

42.5 

1421s 

50683 

14218 

42 

48649 

18 

75 

-  332 

-145 

—142 

28 


No 


Name 


59  Salminen  . . 

60j  Korkea   

61  Puolanka  . . 

62  Siirkijiirvi  . . 

63  Puokiovaara 


89 

90 
91 

92 

93 
94 
95 
96 
97 

9a 
99 

inn 
39 

101 

102 
103 
104 
105 


106 
107 
108 

111!) 


Naamajarvi 
Jaalanka  . . . 

Vaala   

Alassalmi  . . 
Sankijarvi  . 

1  I  i  |:ir\  i  . . 

Muhos  

I  lailuoto  . . . 
Oaht  r.  s,  . . 


1913 
Kemijarvi  r.  s. 
Kuolajdrvi  r.  s. 
Vuosnajiu  vi  . . 
Tuutijarvi  . . . 
Paanajarvi  1  . 


Paanajiirvi  II 

Vuotunki   

Tavajarvi  . . . . 

Muojjiirvi   

Kallioluonia  . . 


Viihajiirvi  . . . 
Kuusamo  r.  s. 
Pahkajarvi  . . 
Irnijarvi  .... 
Ilossa   


Tormua 
Parsamo 
Harju  . . 
Niva  ... 
Vanhala 


Peranka  . . . 
Jokijarvi  . . . 
Kariniemi  I 
Parviainen  . 
Kosamo  . . . 


Viitala  

Ruottisenjarvi 

Pudasjarvi  r.  s. 
Rovaniemi  r.  s. 
Kittila  r.  s. 

Mutenia  r.  s.  . 
Tormanen  

Toivoniemi  r.  s. 
UtsjoM  r.  s.  . 


1914 
Pelkosennieini 

Javarus   

Tapioniemi  . . 
HyypiS 


110,  Raisiila 


lllj  Karhujarvi  . . 

112  Ala-Suolijiirvi 

113J  Pemu   

114!  Posio  

115|  Livojiirvi  . . . 

116  Miintyjoki  . . 

117  Sarajarvi  — 
11«  IsorKuopusjarv 
11'.!  Povkioniemi 
120  Korento  .. 


'.)5   Kariniemi  II 
121  Matalalainpi 
1221  Kurkijarvi  .. 

123  Rukaiarvi   . . 

124  Ylii-Kitka  .. 


Latitude 
N. 

Longitude 

K.  of 
Greenwich 

b 

/ 

11 

- 

/ 

A* 

X 

Y  cos  <jp 

Disturbing  force 
JX   \    JY  JZ 

JY  x 

COS  ff' 

III 

A  A  A* 

44.4 

27 

AC*  Of 

4o.8 

0"  21.8' 

noo 
<n 

1 .)  A' 

142bny 

n08<l;' 

14265;' 

48829)' 

39;' 

180;' 

.)/  U  1 

200;- 

-  -12y 

S(i; 

c  re 
bo 

O  A 

2.4 

OQ 

28 

A  O 

0.2 

0 

13.7 

HA 

1  o 

1.3 

A  OAOt 

13985 

50803 

13985 

56 

48840 

24 

00 

23 

OQA 

2o0 

111 
111 

MO 

11^ 

64 

52.0 

27 

40.7 

2 

52.8 

74 

13.1 

13897 

51098 

13879 

698 

49171 

297 

-159 

421 

290 

179 

C  A 

Fee  i* 

5b. b 

27 

o  n 

8.7 

1 

39.6 

n  a 
/4 

8.3 

13902 

50865 

13896 

403 

48927 

171 

i  An 

-  10/ 

01  c 
21b 

45 

92 

64 

45.1 

27 

20.5 

—4 

46.0 

74 

31.7 

1  oc  00 

13o32 

T.A  A  AO 

nll02 

13585 

—1138 

49250 

483 

-497 

1348 

424 

renc 
n/b 

f  A 

b4 

A  O  I* 

42. b 

oc 
2b 

r  o  o 
52.2 

1 

18.4 

n  \ 
<4 

■)  i 
3.1 

1395b 

50(91 

13952 

318 

4883(i 

136 

~14d 

1  QO 

lo2 

42 

no 

c  a 
b4 

Oil  /' 

27 

a  n 

9.7 

1 

43.0 

no 
(A 

4b.  l) 

14222 

50900 

14216 

426 

48873 

183 

jIQ 

CIA  1 

244 

1  ore 
12n 

105 

C  A 

64 

9  O  O 

33.8 

oc 

2b 

1  A  'J 

49.3 

1 

17.7 

H  A 
<4 

4.8 

13916 

50732 

13912 

314 

48787 

135 

1 00 
lot) 

\ct 
4b 

OA 

01 

111 

19.8 

26 

57.1 

0 

5.0 

73 

39.4 

14305 

50837 

14305 

21 

48782 

9 

50 

-122 

114 

—53 

64 

51.3 

26 

43.1 

—0 

22.9 

74 

25.3 

1  soon 

13882 

nlb90 

13882 

— 92 

49792 

39 

-154 

-204 

954 

— 87 

CA 

b4 

4b. (I 

2  b 

O  1  A 

24.0 

—  0 

14.7 

no 
to 

re  a 

no.u 

A  Af\*3Q 

14038 

r.  Acno 

50b  1 2 

14038 

—  60 

48689 

— 26 

— OO 

lie 

1  DC 

. 

.)(! 

(>4 

1  0  O 

48.3 

ore 

r.Q  c 

— 0 

6.9 

no 
to 

r.n  o 

A  A  AFLC 

14056 

50953 

14056 

— 28 

48976 

12 

oOr* 

2yp 

1  Qf: 
Loo 

lop 

c 

— O 

ere 
bo 

O  A 

3.4 

O/l 

24 

a  n  .i 

4  /.2 

— 1 

0.0 

HA 

a  n 
U.  t 

14041 

50976 

14039 

—245 

49005 

- 103 

oo4 

—Jo 

17s; 
1  to 

—12 

65 

0.7 

25 

29.5 

— 0 

5.6 

74 

12.7 

13812 

50763 

13812 

—22 

48848 

-  10 

1(13 

72 

9 

30 

ce 

IN) 

42.0 

on 
2 t 

oc  re 

42.4 

to 

1^/D1 

re  1  re  re  w 

a  onon 

12*3* 

AAA 

602 

a  AAren 
111! I.i  ( 

238 

reo  1 
- — nol 

00( ) 

\t\t  \ 

1  •;(■ 
lib 

cc 

bo 

reQ  1 

Do,  l 

on 

2.) 

1  .)  Q 
1  i.O 

2 

36.0 

n^ 

to 

1  'M  i !  1 " 

131bo 

r.  1  0  aa 
51309 

1  0 1  r.  0 

13152 

v  An 

597 

i  Are  AO 

49593 

.  234 

1<S 

9f) 

ol 

Q 

— O 

c*c 

1  O  •> 

4.5.. 5 

I.) 

on  re 
3/. 5 

3 

54.0 

n& 
to 

0.0 

13222 

51392 

131111 

899 

49664 

355 

—  to 

91 .1 
£14 

70. 
to 

85 

66 

32.  S 

29 

53.2 

3 

35.2 

74 

49.9 

13440 

51365 

13414 

Ml 

49576 

335 

76 

115 

37 

4b 

66 

17.0 

30 

17.3 

1 

38.6 

74 

27.2 

1  OQ  1  1 

rei  re /i  1 
51541 

A  OOAU 

13808 

396 

a  oc  re  re 

1  r,  a 

In!) 

359 

—392 

191 

1  r.o 
loo 

on 

lo. h 

OQ 
iJ 

1(1  A 

1 

57.1 

1 1 

oq  r: 

1  ocn  1 
13b  14 

re  1  a  a  1 
nlU:)4 

1  occc 
13bbb 

4CC 

4bb 

A  A.)OA 

1  QQ 
1H» 

-  H  111 

inn 

•  ore 

•  yn 

act 
uo 

n  1 

oo 
2y 

Ore  1 

nn.l 

2 

36.9 

1A 
(4 

0(1  A 

oo.u 

1  oc  1  0 

rei  oreQ 
niJ5o 

1  oreoo 
l.Jnll.s 

()21 

1 0 1 1  n 
4.I41  * 

orei 
251 

vo 

P9 
— Oi 

9K 
-O 

1  0 

13 

Do 

a  n 
o.  / 

30. 
OU 

re  1 
D.l 

3 

36.0 

t*x 

">7  Q 

n  (.o 

13291 

51231 

13265 

835 

49477 

338 

— iJi 

.)0 

70 
tj 

38 

65 

55.1 

29 

53.5 

3 

59.2 

74: 

49.8 

13388 

51156 

13356 

931 

49379 

380 

—242 

232 

53 

95 

G5 

43.8 

29 

41.2 

3 

25.8 

74 

20.6 

1  onon 

olt)o  ( 

1  onco 
IStbZ 

oore 
825 

101  Oi) 

Bo! ) 

86 

11 

762 

n- 
DO 

i  re  a 
4n.U 

1  1  o 

11.  b 

9 

4.4 

i  4 

00  c 

oo.b 

1  OCAT 

-111  A 

olllU 

1  oreoo 
13n98 

^00 

a  o«)C  re 
4U2bD 

A  AO 

—  /u 

7P. 

9^ 

£t\J 

0  1 

—  ol 

DO 

reo  A 

nc.O 

jy 

lo.d 

2 

36.9 

14 

OO  1 

13400 

1  3  A  C  (1 

ci  re 
bin 

A  0 1  O  A 
4  J 114 

1  ns 

— 1UO 

ore 
on 

1  Q9 

1  t 
14 

r> 

DO 

4n.9 

9£ 

i  *)  v 

1 

36.9 

to 

f\  A 

U.4 

13294 

51385 

13289 

375 

49636 

154 

— 0  /  0 

111 

41 1 

—46 

65 

33.7 

29 

3.7 

1 

47.  G 

74 

13.0 

13869 

50988 

13862 

434 

49066 

180 

116 

—103 

—104 

-43 

65 

27.4 

29 

34.7 

2 

37.1 

74 

12.4 

13o8b 

S  1  AO/1 

nlU/0 

138*2 

634 

A  O  AO  A 

i»C  A 

2b4 

84 

10 

-64 

on 

lo.o 

oo 
iJ 

01  n 
31.  / 

2 

15.3 

T  1 

£  A 

n.4 

1  00.)  re 
13;)2n 

~.  Anoo 

13.M4 

C  A  O 

548 

A  ocon 
4obi  I 

000 
22!) 

AA 

P.9 
— 0<2 

—  401 

in 

Cre 

on 

5.2 

id 

n  o  o 
23.3 

2 

48.2 

c  t 
b.4 

1  00  4a 
13:)4b 

r.  AAOC 

n09ab 

1  oooa 
13929 

COO 

682 

a  oono 
4oa  t\) 

oon 
28/ 

— 11 

1  n.9 

lUi 

da 

—40 

1  Oa 
1  1 

Cre 

on 

9.3 

OQ 
28 

r  *i  * 

53.4 

1 

59.7 

1  A  1 

13922 

51032 

13914 

485 

49095 

204 

0 

K7 
O  / 

-  4 

65 

9.1 

28 

25.J 

1 

50.4 

74 

7.b 

14033 

51306 

14026 

451 

49350 

189 

110 

37 

344 

15 

65 

19.7 

28 

25.1 

1 

42.1 

74 

7.8 

1  OftftO 

13908 

n08n9 

13902 

413 

1  iji  10/ 1 

172 

60 

—7 

—146 

Q 

.i 

6n 

21.6 

28 

55.4 

1 

45.8 

1A 

1 4 

18.  t 

138n5 

E  1  .  >  'J  ^' 

51238 

1  OO  A  O 

426 

1 0OOA 

4U330 

1  /8 

iy 

— OU 

953 
zoo 

'l  1 
■  )4 

ere 
on 

30.4 

OQ 

28 

34.6 

1 

59.0 

HA 

i  4 

0  1  r; 
34.  n 

1358n 

re  a  Anc 

nl07b 

a  0 re nn 
loot  t 

470 

A  AOOC 

492ob 

195 

1  0(\ 
 li7V 

lo 

1  f!9 

65 

36.0 

28 

2.3 

2 

49.8 

74 

27.0 

13709 

51140 

13692 

677 

49266 

280 

—38 

318 

124 

131 

65 

24.8 

on 
It 

54.9 

1 

37.8 

n  a 
i4 

la.n 

13906 

51098 

13900 

396 

49170 

165 

DO 

07 

26 

65 

14.4 

27 

54.4 

0 

51.9 

74 

0.9 

13994 

0U0I0 

1  OAAO 

13992 

211 

4oc51 

88 

113 

—117 

— 1G4 

—48, 

bn 

5.3 

on 

27 

36.1 

—0 

25.3 

n  a 
14 

9.9 

13886 

50890 

1  ooor* 

1388b 

-  -  . 

—  102 

a  ooreo 
4o9no 

■t 

— 43 

re.  re 
— on 

37  Q 
— O/O 

c 
O 

1  fA7 
— 10  / 

C  X 

bn 

13.8 

on 
it 

13.0 

1 

23.3 

n  a 
(4 

A  1 

9.1 

13866 

50774 

13862 

336 

48844 

141 

— 6& 

IOU 

1  J() 

 14U  ■ 

54 

bn 

23.2 

oc 
2b 

54.0 

0 

53.6 

1 A 

14 

O  A 

8.1 

13874 

c  An  \ 

n07n0 

loo  I  - 

216 

4oclo 

AA 

90 

re.  A 
n4 

A9 
02 

907 

'  Q\)  t 

Oft 
it) 

66 

29.2 

25 

43.5 

0 

27.7 

74 

25.5 

13920 

51844 

13918 

112 

49939 

45 

554 

318 

590 

127 

67 

40.0 

24 

52.8 

3 

19.2 

74 

26.2 

1  on  ce  a 
13/59 

Olsol 

1  on  oc 
13*3b 

n  An 
t\)t 

AC*  t A1 
4VJ4U1 

OAO 

303 

859 

978 

—313 

0  r  1 

t*  o 
03 

1.6 

on 

27 

24.9 

0 

30.9 

nrr 

to 

■it.  1 

12662 

-  1  -  A  A 

01599 

1  occ  1 
12bbl 

114 

reAAoi 

nuuzi 

A  O 

43 

K7 
— O  / 

1  9 
—  1^ 

89 
Ol. 

A 

 4 

68 

36.8 

on 

27 

30.4 

1 

50.8 

to 

Tit*  O 

nb.8 

12548 

51676 

a  0  re  a  a 

12n41 

404 

reoi  00 

A  AC* 

148 

no 

04 

' — 

911 

69 

4.1 

27 

7.1 

1 

12.5 

net 
tb 

9.8 

12406 

51874 

12403 

262 

50369 

93 

1  C\A 
1U4 

97 

Qn 

ID 

69 

51.8 

27 

0.9 

1 

52.6 

76 

44.3 

12060 

52573 

12054 

395 

51170 

136 

81 

104 

628 

3G 

6/ 

6.4 

27 

32.5 

0 

45.8 

ID 

19.0 

D0489 

1  onAn 

12797 

1*0 

4oo40 

cc 
bb 

31 0 

— Ol  u 

— 14J 

74^ 

1-- 

■ — DO 

Of* 

bo 

54.7 

27 

1.4 

o 

26.1 

76 

36.6 

11896 

51369 

A  A  OAC 

1189b 

AA 

90 

a  oon  0 

4yy  to 

35 

1  90,1 
— L£i04 

1  91 
— 1^1 

490 

*XL\  0 

47 
—  4 1 

66 

55.0 

27 

29.5 

0 

12.0 

nc 

75 

11.5 

13040 

51020 

13040 

46 

49327 

IS 

— 140 

9^1 
— JOl 

•>AC\ 

99 

66 

43.6 

27 

1.9 

— 0 

16.4 

75 

32.4 

12922 

51750 

12922 

-62 

50111 

—24 

—342 

—269 

627 

-106 

66 

35.8 

27 

53.4 

0 

28.2 

75 

10.6 

13210 

51633 

A  0.11  A 

13210 

A  AO 

108 

4. 1  . 1  in 

A  O 

43 

—107 

—254 

441 

66 

28.7 

28 

24.6 

0 

37.6 

75 

1.3 

1329n 

51441 

13294 

145 

ceo 
58 

70 

■ — to 

3AQ 

ill 

1 93 

ISO 

66 

20.2 

28 

10.5 

1 
1 

Xo.U 

75 

19.0 

13142 

51847 

13139 

298 

reoi  reo 

A  OA 

120 

owe 

 60b 

i  00 

—43 

66 

9.8 

27 

36.5 

1 

14.4 

74 

27.7 

13760 

51365 

13757 

298 

49488 

120 

oreo 
Zoo 

 2 

1 1A 
1/4 

— 1- 

66 

8.6 

28 

5.0 

—1 

51.4 

74 

40.0 

13861 

52  41S 

13854 

—449 

50552 

—132 

346 

—709 

1225 

-  287 

65 

58^5 

28 

io!o 

4 

25.4 

75 

51.6, 

12645 

51762 

12008 

•  975 

r.  A-*  A  A 

397 

—966 

579 

917 

9Qr; 

'65 

56.0 

27 

32.3 

1 

14.9 

74 

20.7 

13794 

51118 

13791 

301 

123 

197 

21 

—12 

h 

65 

46.0 

27 

23.7 

1 

0.3 

74 

22.1 

1 3688 

50800 

13686 

240 

\  O  AO  A 

48920 

AA 

09 

26 

-10 

—254 

 ^ 

65 

37.9 

27 

24.1 

0 

37.8 

74 

23.0 

13723 

50977 

13722 

151 

49096 

b2 

4 

—98 

—30 

—40 

65 

34.2 

26 

57.3 

1 

16.4 

74 

23.7 

13720 

51002 

13716 

305 

49122 

126 

—27 

135 

34 

5b 

-  10 

65 

23.7 

27 

23.2 

0 

53.4 

74 

L1.8 

13864 

5090S 

J3862 

215 

48983 

90 

49 

—25 

-65 

65 

36.0 

28 

2.5 

2 

25.3 

74 

26.0 

13747 

51226 

13735 

581 

49347 

240 

5 

221 

205 

91 

65 

47.4 

28 

4.2 

4 

8.3 

75 

36.0 

12878 

51783 

1 2845 

929 

50157 

381 

—807 

314 

949 

129 

65 

57.0 

28 

40.7 

1 

39.3 

74 

24.4 

13681 

5089b 

13676 

395 

49022 

161 

90 

—89 

—265 

36 

66 

7.3 

29 

14.1 

1 

10.1 

74 

18.6 

13816 

51088 

13813 

282 

49184 

114 

298 

—308 

-183 

-  125 

66 

8.3 

28 

38.5 

0 

56.5 

74 

39,s 

13624 

51510 

13622 

224 

49676 

91 

115 

—260 

327 

105 

No 


Name 


130  Kursu  . 

131  Luusua 

132  Autti  . . 


1915 

45  Sodankyla  obscnat. 


1371  Karhula 
138|  Kongas  , 


140  Mvonio  r.  ?. 

141  Kiitkasuanto  . . 

142  Palojoensuu  ... 
143i  Enontekio   |  68 


1481  Xaimakka 


155  Ala-Kyro 

156  Pulju 

157  Tepasto  . 


159  Alakvlii   67 


166  Tapion  kylii 


1916 


169  Inari 


172:  Svysjarvi  . . . 

173  firro   

174!  Lemmenjoki  . 
jl75  Menesjarvi  . . 
176,  Wuopioniemi 


179  Keiirduluobbal 


182  Jarvenpaii  . . . 

183  Riikkijarvi  . . . 
184i  Tsjurnovuono 
185;  Kuoskervurtno 
186|  Tsjarpinsaari  . 

187 j  Patsjoenniska 

188(  Patsjoki   

189  Kivijarvi   

190  Tsjarminiemi  . 

191  Kattoiarvi  . . . 


Latitude 
N. 

Longitude 

E.  of 
Greenwich 

J) 

1 

H 

T 

X 

Y 

Z 

Y  cos  (f 

JX 

Disturbing  t'orci 

jy  az 

A  V  w 
J  i  X 

cos  <[ 

66°  18.3' 

j    28°  46.5' 

r 

54.2' 

74=  24.3' 

1 

13735;- 

51091;' 

!  13727;- 

456v 

1  49210r 

183y 

286;' 

— 60y 

—199;' 

-24; 

6b 

lb.  i 

on 

1  1  A 

1  tA 

i 

57.4 

HA 

1  f.U 

(  13867 

51191 

13859 

473 

49278 

190 

422 

134 

-156 

—54 

66 

29.6 

29 

3.5 

3 

25.  S 

74 

55.3 

!  13226 

50841 

13202 

791 

49092 

316 

161 

220 

393 

88 

66 

38.6 

28 

58.4 

2 

3.8 

75 

3.0 

13262 

51408 

13254 

477 

49669 

189 

—47 

-  00 

—33 

66 

50.8 

,  28 

40.2 

2 

18.2 

74 

40.6 

13564 

51328 

13554 

545 

49502 

214 

340 

31 

.  —89 

12 

66 

46.9 

tl 

10.2 

1 

12.4 

75 

21.6 

12998 

51428 

12995 

274 

49758 

108 

--248 

—145 

211 

— 57 

bb 

31.1 

ii  i 

o9  r. 

0 

17.7 

io 

13216 

51174 

13213 

68 

49438 

27 

-138 

-  201 

11 

—80 

66 

18.9 

27 

8.8 

1 

19.8 

74 

36.6 

13624 

51336 

13620 

316 

19 494 

127 

186 

97 

144 

39 

66 

22.5 

26 

43.0 

1 

11.5 

74 

24.0 

13804 

51331 

13S01 

287 

49440 

115 

392 

1  A  T» 

on 

58 

66 

25.6 

26 

5.5 

1  0 

32.9 

74 

10.8 

14022 

51435 

14021 

134 

49487 

54 

632 

105 

143 

42 

b  i 

OO  ft 

0 

22.5 

75 

on  i 

-V.4 

12883 

50904 

12882 

84 

49248 

32 

—  118 

—68 

-437 

—26 

67 

33.0 

25 

41.1 

— 0 

27.4 

76 

14.8 

12012 

50525 

12012 

—96 

49077 

—  37 

915 

—68 

-629 

 26 

67 

43.4 

25 

25.8 

— 0 

40.7 

75 

48.2 

12440 

'50724 

12439 

-147 

40174 

—56 

-  417 

—  1 4 

—28 

68 

2.0 

25 

15.0 

— 2 

22.1 

75 

37.9 

12964 

52242 

12953 

—536 

50608 

—200 

224 

—428 

757 

—160 

_  67 

52.3 

24 

51.5 

— 0 

43.3 

75 

33.4 

12738 

51069 

12738 

—160 

49456 

—60 

—58 

24 

-325 

9 

o  / 

•  )4. 1 

OA 

1  P  9. 

lo.o 

— 5 

44.2 

<b 

11/1 
11.4 

11905 

49873 

11845 

—1190% 

48432 

—448 

—938 

—884 

1333 

332 

67 

57.2 

23 

40.1 

—1 

28.5 

75 

43.0 

12722 

51566 

12718 

— 328 

49971 

— 123 

—44 

86 

211 

32 

68 

6.7 

23 

18.2 

— 2 

20.4 

75 

39.8 

12706 

51313 

12695 

—519 

49715 

—194 

—2 

or, 

— Oo 

— 04 

13 

68 

16.9 

23 

2.4 

1 

1.4 

76 

24.7 

12090 

51460 

12088 

216 

50020 

80 

—  538 

755 

174 

279 

68 

23.6 

23 

37.3 

—3 

6.4 

76 

8.2 

12513 

52223 

12495 

—678 

50701 

-250 

—86 

—254 

794 

-  94 

Do 

.13.  0 

oo. 

Aft  % 
40.0 

—2 

28.7 

„ 

7o 

O  i  .4 

12460 

51349 

12448 

—539 

49814 

—196 

4 

-  147 

—211 

—53 

68 

35.8 

23 

18.9 

— 2 

7.9 

76 

0.2 

12386 

51211 

12377 

—461 

49690 

— 168 

—117 

24 

—275 

9 

68 

26.3 

22 

38.1 

— 1 

38.9 

75 

49.2 

12552 

51239 

12547 

—361 

49678 

133 

—14 

0%ft 

94 

68 

32.6 

21 

57.8 

—1 

49.3 

75 

54.5 

12481 

51262 

124(5 

—396 

49720 

—145 

—45 

359 

—170 

m 

68 

41.1 

21 

28.4 

—3 

13.3 

75 

56.5 

12440 

51213 

12421 

—699 

49679 

—254 

—  41 

157 

—238 

■>i 

bo 

AU 

40.0 

01 

to  fl 

—6 

19.7 

7  ft 
t  O 

1  Q 
1.0 

12374 

512o7 

12299 

-1364 

49740 

—493 

—109 

— 455 

—211 

165 

69 

10.4 

21 

18.6 

_3 

4.2 

76 

10.8 

12264 

51340 

12246 

—657 

49855 

— 234 

—14 

241 

222 

86 

69 

0.7 

20 

52.6 

—4 

6.1 

76 

10.8 

12276 

51391 

12245 

—878 

49905 

314 

—81 

— lyjyj 

38 

68 

48.9 

21 

54.2 

—0 

38.7 

76 

1.8 

12596 

52176 

12595 

—  142 

50633 

—51 

191 

631 

651 

228 

68 

37.2 

22 

32.0 

—0 

38.2 

75 

34.8 

12785 

51339 

12784 

—142 

49722 

—52 

298 

500 

—128 

182 

68 

23.7 

24 

8.5  1 

—1 

6.3 

75 

48.4 

12616 

51453 

12614 

—243 

49883 

—89 

38 

80 

—48 

29 

68 

9.1 

24 

12.5 

1 

24  8 

75 

44.0 

12618 

51202 

12614 

-  -311 

49623 

—116 

 66 

—4 

—226 

— 1 

68 

13.0 

24 

49.9 

4 

10.2 

76 

49.4 

11884 

52133 

11852 

864 

50760 

321 

--798 

1051 

862 

390 

68 

0.6 

24 

39.9 

0 

10.4 

76 

7.0 

12254 

5H 1711 

12254 

37 

49578 

14 

-483 

259 

—242 

97 

67 

30.0 

24 

55.6 

0 

12.4 

75 

21.4 

12813 

50684 

12813 

46 

49038 

18 

135 

220 

—621 

84 

67 

20.1 

24 

55.0 

—1 

22.3 

75 

20.1 

12911 

50998 

12907 

—309 

49337 

—119 

—107 

—132 

—267 

—51 

67 

10.6 

24 

59.2 

—0 

31.2 

75 

15.8 

13057 

51329 

13056 

-118 

49641 

.  -46 

—24 

AR 
4b 

00 

18 

67 

2.2 

25 

6.5 

—0 

20.6 

75 

21.4 

12980 

51345 

12980 

—116 

49678 

—45 

—157 

38 

168 

11 

67 

2.7 

25 

48.4 

0 

10.4 

75 

29.6 

12846 

51284 

12846 

39 

49648 

15 

—291 

51 

109 

20 

67 

16.4 

25 

49.1 

—0 

35.6 

75 

32.9 

12785 

51230 

12784 

—132 

49609 

—51 

—258 

124 

—8 

48 

67 

17.8 

25 

20.1 

— 0 

13.1 

75 

27.8 

12845 

51175 

12845 

 49 

49537 

 19 

—  185 

48 

—71 

19 

66 

55.7 

25 

24.7 

0 

28.8 

75 

3.2 

13192 

51148 

13191 

110 

49417 

43 

9 

loo 

 Do 

78 

66 

42.5 

25 

27.8 

 2 

29.4 

75 

35.7 

12894 

51830 

12883 

—560 

50201 

_  221 

—390 

-478 

788 

—189 

bo 

4o.D 

i.  i 

12.1 

1 

22.8 

10 

11.0 

12469 

51639 

12465 

300 

50111 

109 

26 

7 

—56 

0 

68 

51.2 

27 

28.1 

2 

1.0 

75 

55.4 

12i  108 

51839 

12600 

444 

50281 

160 

211 

92 

62 

33 

68 

54.4 

27 

2.4 

1 

11.1 

76 

7.1 

124i  i-.i 

51722 

12400 

257 

50211 

92 

41 

 11 

—11 

—4 

69 

6.0 

26 

34.9 

1 

6.8 

76 

8.7 

12385 

51720 

12383 

241 

50216 

86 

96 

63 

—51 

22 

69 

12.6 

26 

52.9 

1 

20.9 

76 

15.4 

12291 

51736 

12288 

289 

50255 

103 

47 

48 

—62 

17 

11(1 
b!J 

lb.U 

1  O  X 

13.0 

1 

31.6 

to 

TA 

12408 

51736 

12403 

331 

50226 

117 

187 

17 

-125 

6 

68 

56.9 

26 

38.8 

() 

17  8 

76 

10.2 

12371 

51751 

12371 

64 

50251 

23 

23 

—124 

32 

—45 

68 

42.4 

26 

0.9 

0 

13.4 

76 

5.6 

12378 

51502 

12378 

48  • 

-  49992 

18 

—70 

 ^ 

1  01 

- — 1^1 

 2 

68 

44.4 

26 

28.3 

1 

27.2 

70 

4.6 

12414 

51591 

12410 

315 

50075 

114 

—25 

168 

—66 

61 

69 

1.6 

27 

31.7 

—  0 

41.0 

76 

34.9 

11990 

51668 

11989 

—143 

50258 

51 

—326 

—227 

—24 

—81 

69 

9.7 

27 

51.5 

2 

4.7 

76 

18.2 

12296 

51930 

12288 

446 

50453 

159 

27 

5 

113 

2 

69 

24 1 

27 

45.1 

2 

2.8 

76 

14.0 

12217 

51339 

12209 

436 

49864 

154 

47 

10 

—552 

4 

69 

30.7 

28 

3.8 

2 

28.0 

76 

28.4 

12150 

51946 

12139 

523 

50504 

183 

22 

26 

38 

9 

69 

24.7 

28 

23.6 

3 

23.2 

76 

28.4 

12194 

52132 

12173 

720 

50685 

253 

15 

159 

239 

56 

69 

16.5 

28 

3.7 

2 

25.9 

76 

18.6 

12290 

51929 

12279 

521 

50453 

184 

67 

33 

65 

12 

69 

26.5 

28 

47.8 

2 

39.8 

76 

24.6 

12308 



52380 

12295 

572 

50914 

201 

150 

—75 

441 

—26 

69 

36.7 

28 

49.6 

o 

O 

o-t  u 

31.8 

76 

55.3 

I  1  HC  A 

II  <04 

11  <82 

:)0o40 

2o2 

'JO  9 

— oao 

62 

108 

00 

69 

13.4 

28 

33.9 

2 

37.6 

76 

16.7 

12361 

52110 

12348 

566 

50623 

201 

112 

—21 

234 

— 7 

69 

4.7  ' 

28 

26.3 

2 

40.4 

76 

11.2 

12384 

51868 

12371 

578 

50368 

206 

77 

—20 

32 

7 

69 

1.4 

27 

54.9 

1 

58.2 

76 

1  1. 1 

12319 

51792 

12312 

424 

50306 

152 

—7 

—24 

11 

—9 

68 

54.0 

28 

27.3 

2 

41.0 

76 

13.5 

12283 

51587 

12269 

575 

50103 

207 

—99 

22 

—173 

68 

59.1 

28 

49.7 

o 

37.il 

76 

7.9 

12427 

51847 

12414 

567 

50335 

204 

79 

—63 

17 

—23 

68 

45.9 

28 

32.4 

2 

42.2 

75 

35:6 

131H7 

52680 

13092 

618 

51023 

224 

666 

55 

791 

20 

68 

52.1 

27 

53.7 

I 

51.0 

76 

3.6 

12514 

51947 

12507 

404 

50416 

146 

126 

—34 

173 

—12 

68 

31.8 

28 

2.0 

2 

2.8 

75 

50.2 

12667 

51769 

12659 

453 

50196 

166 

138 

1 

63 

0 

Nai 


Latitude  p^S^J 
Greenwich 


Disturbing  force 


D 


Z 


COS  (/. 


I  A 


/  J 


1Z 


JY  x 

coa  o 


Nangujarv 
Laanila  . . 
Tankajoki 


Nieiuelii 
Kiingas 
Ukkola 
Pokka  . 
Laiti  . . 


L91  i 


Vuotsonkanava 

Korvanefl   

Revojoensuu  . 

Pihtijoki  

[lusitaio   


AllcllKUlU'lltn    .  . 

Tanhua   

Axajarvi   

1 1  ietakoskenT)  igk 
AJakiingas 

Serrikoski   

Saukoski  

Martti   

KairijtuMisiui  . . 
Tulppio  


Sotataival   

Nousu   

Kairalahti  ... 
Vuorijarvi  . . . 
Kurtti  

Pulkkajyihamii 

Korja   

Orajiuvi   


1918 

Haukipudas  . 
[inhamina  . 

m0i  

Olhava   

Kuivaniemi  . 


Snno   

Keini   

Tornio  r.  S.  . 

Laurila   

Ala- Pan  kkola 

Tervola  I  . . . 
Muurola 

Koivu   

Tervola  II  .. 


1922 
Hentarinival  .. 

Kultala  

Kuttura   

Repojoki.  postcabin 
Repojoki  


242  SkietsSma  cabin 

243;  Skietsinia   

|244j  Angeli  

|245|  NierijSxvi   

246  Vuobniaveaijoki 


247  I'algas.joki   

248!  Kangasnjarga  . 

249.  Outakoski   

250i  Talvados  

'  251 1  LeaVwajoki  ho 

252|  V^eatshaknjarga 

253  Jalve  

254  Polmakjiirvi  . . . 

255  Leppala   

25(;  Petsikko   


OS 

40.5' 

28° 

0.5' 

2° 

16.0, 

76° 

6.5' 

12480;- 

61981y 

12470- 

494;- 

50460;  ■ 

180y 

11- 

41r 

277;- 
90 

15 

68 

24.(1 

27 

24.5 

1 

22.7 

75 

54.2 

1 254S 

51519 

12544' 

302' 

4990S 

111 

31 

24 

9 

68 

15.6 

27 

18.9 

1 

44.6 

75 

47.2 

12640 

51504 

12640 

385 

4992S 

143 

7 

83 

18 

31 

68 

4.li 

27 

0.4 

1 

43.0 

70 

7.5 

12365 

51562 

12360 

370 

5005S 

138 

351 

113 

1  is 

'  42 

67 

14.0 

20 

46.5 

9 

33.8 

75 

41.9 

12799 

51812 

127S6 

572 

50208 

217 

66 

389 

396 

147 

07 

54.1 

20 

46. 6 

0 

52.7 

75 

53.8 

12480 

51241 

124S5 

191 

49696 

72 

■  297 

3 

173 

1 

68 

0.7 

20 

41.8 

0 

3.8 

75 

47.6 

12020 

51422 

12620 

14 

49850 

5 

1  Hi 

162 

—53 

01 

68 

8.7 

25 

43.2 

0 

19.  i 

75 

44.8 

12646 

51301 

120  10 

71 

49781 

27 

37 

-59 

126 

22 

OS 

4.9 

20 

11.0 

0 

34.4 

75 

58.0 

12434 

51277 

12433 

124 

49740 

46 

•  -  275 

48 

100 

is 

68 

4.0 

27 

1.9 

25.0 

75 

48.3 

12581 

51305 

12577 

313 

4973S 

117 

130 

72 

202 

27 

67 

.">(;.;> 

27 

44.7 

l 

45.6 

75 

45.5 

12633 

51351 

12027 

3SS 

49772 

146 

138 

13 

150 

5 

68 

2.9 

27 

58.4 

l 

53.0 

75 

10.1 

12682 

51356 

12575 

413 

49790 

Is! 
155 

144 

-  9 

179 

—3 

07 

68.8 

28 

3.'.) 

9 

6.6 

75 

49.  S 

12546 

51250 

12530 

462 

49690 

173 

212 

23 

258 

•  8 

07 

44. (i 

27 

13.2 

1 

11.3 

75 

33.3 

12816 

5137S 

12S 13 

200 

49753 

101 

34 

-  99 

100 

—37 

67 

40.7 

27 

19.7 

1 

19.5 

75 

19.8 

13013 

51383 

13010 

301 

49710 

114 

138 

12 

—107 

U$ 

67 

29.5 

27 

33.4 

2j 

49.8 

75 

2.3 

13210 

51167 

13194 

652 

19132 

250 

243 

326 

330 

1  25 

07 

32.2 

27 

52.4 

1 

21.5 

75 

24.8 

12940 

61405 

12942 

31S 

49748 

122 

12 

--68 

-44 

—26 

67 

27.4 

27 

38,1 

0 

12.6 

75 

19.4 

13084 

51640 

13084 

48 

49950 

IS 

121 

295 

200 

113 

67 

10.8 

27 

40.8 

0 

57.7 

75 

26.9 

12772 

51 1833 

12770 

214 

49202 

83 

267  • 

12S 

494 

—50 

67 

11.3 

27 

53.1 

1 

I8.fi 

74 

47.3 

13313 

50739 

13310 

305 

48961 

lis 

236 

74 

713 

—29 

07 

17.0 

27 

13.3 

5 

33.0 

75 

12.;. 

non; 

50920 

12955 

1259 

49292 

486 

82 

1002 

380 

387 

67 

20.8 

28 

26.4 

1 

26.2 

75 

24.6 

12992 

51576 

129SS 

320 

49912 

125 

21 

167 

.127 

—64 

67 

37.4 

28 

29.7 

1 

51.3 

75 

20.7 

13090 

51739 

13083 

424 

50056 

101 

186 

-88 

211 

33 

67 

47  o 

4  I  •  fi 

29 

1 J  ii 

9 

0  9 

75 

12.5 

13149 

51440 

1 3 1 3 1 

689 

49796 

960 

305 

30 

136 

12 

i;7 
i)  i 

44 

44. 0 

Qfl 

ft*l  ■{ 

1  9 

1  3  9 

75 

28.4 

1295o 

51661 

1 2004 

2743 

50009 

10.39 

1  X3 

2153 

sio 

SI  A 

1 '.4 

9P. 

41  9 

41. ,i 

9 

1  3 

75 

16.2 

13051 

51329 

13043 

_460 

100  1 1 

l  70 

—52 

6S 

 26 

66 

56.1 

29 

37.3 

9 

50.6 

75 

7^7 

L31  i:- 

51217 

13129 

652 

49501 

256 

4S 

—40 

-  159 

16 

66 

48.1 

36 

15.0 

12 

11.5 

73 

59.8 

14110 

51  ISO 

13792 

-  2980 

19197 

-  1174 

558 

-  3785 

559 

1461 

Ol) 

ftX  i) 

'in 

•Jy  1 

■M  ii 

•J 
•  > 

iii'' 

75 

29.9 

12888 

5140S 

1 280S 

713 

49829 

279 

9Q9 

Cvfi 

lis 

126 

 46 

i;7 
t  >  ( 

7  ft 
1.0 

•-ill 

II  7 

75 

21.0 

1  Mi  l|  18 

51 468 

49796 

\  *  i 

•  '•  1 

00 

-i1  II 

•J 
•  » 

9||  X 

75 

10.9 

51420 

13042 

763 

49732 

296 

-  -48 

78 

5 

30 

07 

21.0 

36 

53.7 

0 

52.4 

75 

12511 

50704 

12510 

191 

19136 

73 

499 

—8 

—552 

-  3 

65 

11.4 

25 

24.1 

o 

18.9 

73 

50.8 

14012 

50365 

14012 

77 

48377 

32 

111 

187 

519 

78 

65 

18.6 

25 

18.6 

— o 

25.2 

74 

10.8 

13784 

50561 

137S4 

101 

48648 

—42 

—67 

23 

285 

10 

05 

L9.6 

25 

26.8 

—0 

22.2 

74 

10.0 

13737 

50659 

13737 

-  89 

4S762 

37 

106 

11 

184 

4 

65 

27  0 

25 

20.2 

— 0 

23.6 

74 

12.0 

13812 

50758 

13812 

95 

4s,s42 

—  39 

19 

23 

140 

10 

65 

35.9 

25 

12.7 

—0 

296 

74 

15.3 

i:!77s 

50775 

13777 

119 

48870 

—49 

46 

20 

-157 

8 

Kft 

O  J.  / 

94 

•  tO. ct 

1 1 
1 1 

4.1. 1 

74 

10.3 

137711 

50790 

13709 

1  '17 

4SS94 

 CI 

69 

 3 

—  141 

(ift 
i 1. 1 

43  Q 
4o.o 

94 

34  9 
04.— 

 0 

«  ft 

74 

7.8 

13840 

5061 1 

13826 

-  -  618 

4si;s2 

9  ft  1 

1  IX 
1  40 

-  .367 

-  -363 

151 

Kft 

01.0 

94 

1  II  J 

 9 

_I1  ft 
41..) 

74 

49.6 

13280 

5i  1738 

13265 

623 

48969 

245 

360 

27S 

101 

114 

65 

47.5 

24 

30.6 

2 

34.6 

73 

54*1 

1  1104 

50S64 

14089 

634 

4SS70 

260 

436 

896 

193 

.307 

65 

54.7 

24 

41.0 

—0 

36.1 

74 

24.6 

13650 

50790 

13040 

—143 

4S921 

—58 

45 

87 

-  190 

35 

Aft 

-i.'.t 

94. 

1st  A 

— yj 

Q  9 

76 

7.4 

52936 

12696 

34. 
0* 

51391 

1 4 

000 

171 

2218 

70 

(Ml 
Ob 

91  ft 

9ft 
ax) 

lo.<) 

— u 

ft  fi 

74 

1  9  1 

1  4 

1  38fift 

50946 

13866 

90 

49023 

.  a 

— 0 

•±-xO 

93 

-  265 

!7 

bu 

1  n  ft 

9ft 
—  •> 

1X1 
la.  1 

74 

1  S 

±•0 

13920 

50615 

13926 

 73 

48662 

—  30 

~tO'> 

50 

-  564 

20 

66 

5.8 

24 

51.4 

—0 

27.0 

75 

30.2 

12821 

51218 

12821 

—101 

49586 

-  41 

704 

96 

404 

39 

68 

32.2 

27 

11.1 

i 

2.9 

75 

58.6 

125U4 

51602 

12502 

229 

50063 

•84 

—15 

—54 

—39 

-  20 

68 

29.7 

20 

38.9 

ii 

6.4 

75 

59.9 

12443 

51428 

12443 

—43 

40901 

—8 

—91 

—199 

166 

—73 

68 

22.0 

26 

23.2 

o 

18.6 

75 

43.8 

12681 

51440 

120S1 

69 

49858 

25 

97 
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68 
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25 
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0 
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75 
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69 
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—7 

59 

68 

30.2 
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-0 

13.6 

75 
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26 
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68 

39.0 

25 

7.8 

— 2 

41.6 

75 

59.5 

12539 

51800 
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—589 

50260 

—215 

52 

468 

204 
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68 

48.5 

25 

10.7 

-1 

50.6 

75 

44.8 

12745 

51704 

12738 
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50171 
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59 
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68 

55.0 

25 

40.2 

—0 

2.3 

70 
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s 
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—3 
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2 
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1 

68 
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26 

4.0 

0 
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76 

5.2 
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91 
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33 

10 

20 
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69 
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25 
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0 
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68 

—53 
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19 
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15 
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51.6 
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1.5 

76 

14.1 
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12289 

—5 
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8 

8 
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0 
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76 
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15 
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69 

54.6 

26 

26.5 

0 
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76 
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11903 

96 
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33 

41 

73 
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69 

57.4 

27 

18.8 

1 

4S.4 

70 

48.4 

11843 
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12S 

94 

18 

68 
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4.2 

27 

42.7 

1 

33.8 

70 
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12031 
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32S 
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116 

63 
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70 
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27 
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2 
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70 
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9 

26 

—3 

69 
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27 

4.1 

I 

37.0 

76 

24.0 
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47 
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16 

09 
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27 
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9 

30.9 

76 

23.2 
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51031 
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50184 
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10 
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No 


Name 


1923 

257  Akasjiirvi  . . , 

258  Eskeiinen  . . 
259l  Tapojiirvi  . . . 

260  Kolari   

261  Kurtakko  ... 


262  Sieppijiirvi 

263  Pasmajarvi 

264  Lappca  . . . 

265  Orajiirvi  . . 

266  Pell'o   


267  Turtola  .... 

268  Kauliranta  . 

269  Kantomaa  . 

270  Meltosjarvi  . 

271  Raanujarvi  Vuolo 

272  Raanujiirvi  vlipii 

273  Yli-Tornio 

274  Kainunkvla   

275  Kamnki   

276  Kaakamavaara  . 

277  Arpela   


1919 

278  Kuivaniemi  . 
Honkakoski  . 

Erkkila  

Haapanicmi 


279 
280 
281 


282  Srarua 


283 
284 
285 
286 


Hirvela   

Ulko-Krunni 
Selkii-Kninhi 
Ala-Kiirppii  . 


2871  Iso-Valaja 


288 
289 
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Ala-Saukkojiirvi 

Simontaival   

Kuha   
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300 
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T  okkiila  .... 
Paasimaa  . . . 
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Jongunjoki  .. 
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306'  Palovaara  . . . 
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308  Hsolmi  V.  - 
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309i  Rautavaara  . . 

310  Petaiskvlii  ... 

311  Sukeva'  

312  Jyrkankoski 

313  Leppimaki  . . . 
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Of 
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—3 
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12759 
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—329 
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75 
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i  R/in 

—  o4w 

1 497 
14^  t 

391; 
OeK) 

66 

55.6 
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75 
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71 
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28 
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66 

46.5 

24 
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—0 
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74 

53.2 

13441 
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13441 

— 4Q 

4976S 

-  16 
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301 

389 
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66 

39.0 

23 

56.5 

0 

21.1 

74 

52.9 

13352 

51189 

13352 

82 

49418 

32 

53 

443 

87 

176 

66 

2S.2 

23 

44.2 

—3 

51.4 

74 

25.6 

13672 

50925 

13641 

919 
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00 
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24 
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—1 
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74 
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6 
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95 
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701 
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23 
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13225 
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24 
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—0 
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73 

7.0 
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—3 
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—1 
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66 
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24 

13.4 

1 

17.2 

75 
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13216 

51358 

1321.3 

297 

49629 
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66 

0.8 

24 

24.2 

—0 

33.6 

74 

9.3 

13869 

50795 
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59 

65 

41.1 

23 
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— 

74 
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7 

84 

23 

—8 

10 

65 

29.3 

26 
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0 
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74 

24.4 
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40 

49383 

17 

5 

34 
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15 

65 
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25 
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0 

20.0 

74 

15.4 
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51307 
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81 
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34 

95 
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65 

20.9 
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12.5 
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18.0 
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45 
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23.0 

24 

50.9 

—0 

52.3 

74 

7.5 

1  2GQi  1 
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65 
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 1 
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11.2 
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20 
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65 
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25 
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—0 
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21.0 
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1 
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—10 

—132 

14 

166 
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13837 
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—4 
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26 

28.4 
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1  Q7O0 
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10.S 
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324 
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44 
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26 
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13744 

51235 
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48 

65 

42.9 

26 
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74 

24.8 
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48932 

93 
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DO 
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0 
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26 
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8.9 

13858 

50735 

13848 
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114 
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73 

26.1 

14394 

50487 
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122 
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10.7 

1 
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9 
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1 

00 
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2 
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to 
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44 

63 
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1 

X 
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73 

23.8 
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—31 
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DO 
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27 

10.0 

2 
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10 
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28 

16.4 

i- 

34.6 

73 

14.4 
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14531 
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59 
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26 

63 

35.2 

27 

39.1 

0 

33.8 

73 

13.2 

14517 

50284 

14516 

143 

48144 

64 

—44 
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—302 

-44 

63 

51.2 

27 

24.9 

0 

80.2 

73 

13.6 

14553 

50428 
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48284 

56 

99 

—84 
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03 

46.3 

27 

47.6 

1 

0.2 

73 

19.6 
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50437 
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—17 
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—7 

63 
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28 

7.0 

1 

19.6 

73 
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42.0 

27 

13.0 

0 
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Table  3.    Normal  stations 


No 
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Lati- 
tude 

Longi- 
tude 

D 

I 

T 

H 
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Y 

Z 
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Z 

Ycosijp 

1 

•tno     OA  i     OaP.  on" 
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77 

O.30 

0.05 

118 

-16 

1 

99 

138 

45 

8 

55,  56,  67,  316   

114.2 

27.0 

0.6 

73.6 

50792 

1432S 

1  1322 

151 

48730 

66 

0.15 

0.00 

123 

14 

14 

23 

103 

2 

0 

1  O    01     OO  OQ 

r  1  1 
1)4.4 

OQ  0 

O  Q 

fO» « 

14274 

14256 

(Qui  O 

48812 

OAO 

o02 

A  1  A 

(I.  I  0 

-0.04 

21 

41 

31 

77 

12 

47 

11) 

A     QQ     OC  on 

('  1  P. 

1)4.0 

2O.0 

0U  /I  lo 

1  U51 

1  11  if. 

I  1  o 

i , ■  1 1 1 

1  77 
111 

i       A  AO 
O.I  W 

0.02 

100 

40 

—38 

6 

AO 

1  V 

11 

OQ      C  A       PQ  EQ 

oo,  04,  Oo,  oa  

c  i  p. 
04..I 

07  Q 

2  /.o 

It  1 

CD  C 

MIC  li  i 
.  M  Mi4l  1 

14216 

14216 

lb 

1  OC  A  A 

481)04 

n 
1 

1  rtR 
l  .0.) 

-0.07 

133 

26 

32 

—271 

1  r.i 
lo  ( 

— llo 

12 

69,  70,  318,  319   

114.7 

26.2 

-0.2 

73.9 

fill  741 

I  1062 

140(12 

-38 

48754 

16 

o.oT 

0.04 

—2 

46 

-40 

—30 

i  —9 

25 

13 

72,  320,  321,  322   

64.8 

25.6 

—0.1 

73.9 

50712 

I  1067 

14067 

14 

48722 

—6 

0.50 

-  0.01 

25 

2 

5 

93 

-51 

28 

14 

OK     OC     OO  Qyl 

20,  ib,  <jy,  .14  

u4.n 

OQ  1 
2  - '.  I 

o  c 

2.0 

7D  Q 

M  lOI  M 

l  1109 

140'.  14 

□2fi{5 

48!)  lb 

OCQ 

2b8 

O  QQ 
ll.OO 

-0.05 

9 

42 

35 

89 

1 

i  47 

1  P. 
10 

07     OQ     OO  01 

ii,  28,  oil,  .11  

oo.i  i 

OQ  C 
ao.b 

1  o 

/4.1 

•)lu-«> 

13926 

13978 

i  ii  o 
toy 

1Q071 

I  !  II  I  i  1 

1  Oo 

iy» 

A  A1 

0.01 

0.05 

102 

1 

1 

20 

1  AO 

10:1 

12 

1  i' 
It) 

CA    CO     OQ  (1(1 

n~\  o 

It.).! I 

07  r, 
2 1.0 

O  7 
U.  1 

7-1  1 
/4. 1 

13910 

13907 

1  CD 
1  id 

4ooy2 

73 

(6 

O  OQ 
0.28 

0.06 

38 

—74 

—71 

—71 

OR 
— 60 

-  33 

17 

294,  296,  298,  299  .... 

85.1 

26.2 

0.2 

74.2 

50674 

13809 

13805 

53 

48756 

22 

0.27 

0.12 

150 

134 

132 

50 

-143 

10 

18 

71,  284,  285   

65.2 

24.8 

—1.0 

74. 1 

51022 

13971 

13969 

244 

49072 

102 

0.20 

■—o.oi 

233 

70 

73 

12 

1011 

—12 

1  Q 

iy 

On     QQ      OA  QA 

o  (,  oo,  oy,  yu  

1)0.2 

OQ  A 

O  A 
2.4 

7  I  1 

/4.1 

*.i  i<if  i 

13920 

1300  7 

/(QQ1Q 

48y4y 

Oz(C 

24b 

A  1  7 
— 0.1  ( 

-0.07 

-60 

17 

13 

-19 

1  1  o 

l  la 

1 

20 

QC    Q7    1  OA     1  Oi  I 

yo,  y<,  luii,  120  

2  i.O 

1.1 

~  i  i 
(4.1 

~,l  Kv|(  1 

13910 

13906 

ocn 
^oU 

^QQP.1 

4o:)ol 

1  OQ 

1UO 

O  OP. 

U.Uo 

-0.15 

—71 

91 

93 

5 

1  AO 

-102 

0 

21 

OQ1     OQO    OQQ  0(10 
281,  202,  iOO.  fiSKJ  .... 

CP.  A 
hi). 4 

OC  1 
20.1 

O  9 
U.O 

7  1  O 

M  1  71 
.)1 1  (  1 

13825 

13824 

CQ 

/y 

1 1  i-)r  lj 
1021 10 

OQ 
OO 

A  lO 

1 1.10 

0.06 

276 

7 

10 

86 

070 

2  i£ 

27 

22 

225,  226,  227.  228  .... 

b5.4 

25.7 

—0.4 

74.2 

50688 

13778 

13778 

101 

48780 

—42 

0.36 

0.03 

169 

-40 

—35 

56 

184 

10 

23 

86,  92,  93,  94   

(i."».4 

28.8 

1.8 

74.3 

51040 

13804 

13797 

436 

49138 

181 

(1.31 

0.03 

19 

16 

-15 

54 

32 

-22 

Oil 

1  1  C    11*7     1  1  Q    11  (1 

lib,  11  (,  lib,  llil  .... 

1)0.  t 

07  0 

£  l.o 

1  n 

7 1  1 
(4.4 

OU.J  *4 

13731 

13729 

a  o  nfli) 
4:1000 

1  no 
102 

O  A7 
U.U  i 

—0.01 

—43 

35 

40 

24 

— 00 

7 

op. 
230 

OHQ    OQO    OQC  OQQ 

2 IV,  2oU,  2ob.  288  .... 

bo.o 

OF>  Q 

20.y 

fi  1 

( 4.4 

OliUO 

13806 

13806 

JO 

1  <  lOl  ll  1 

1 1 1 

10 

II. 1U 

-0.05 

230 

153 

158 

'8 

loo 

— 4 

oc 
2b 

OOQ    OQO    OOO  077 

Hv,  2oU,  2oo,  ii  i  .... 

OQ.o 

0/1  c 
24.b 

1  1 

— 1.1 

71  O 
(4.2 

13782 

13778 

1(101  IV 

4you8 

110 
112 

O  1  7 
U.l  4 

—0.24 

-166 

129 

129 

4 

OD7 

1  o 

— 12 

27 

79,  82,  83,  84   

65,9 

29.4 

2.7 

74.5 

51099 

13(122 

13607 

638 

49250 

—261 

0.02 

—0.04 

—61 

8 

2 

13 

-49 

12 

28 

289,  290,  291.  292  .... 

(15.9 

26.8 

0.9 

74.4 

51164 

13753 

13751 

217 

49281 

88 

0.35 

-0.12 

125 

140 

145 

79 

87 

28 

OO 

QO  Q1 

fin  o 
(>b.U 

oU.U 

"  3  Q 
O.O 

1 A  O 

P.1  1  QA 

ony4 

1334H 

13310 

QQO 
080 

4y42o 

Df^O 
OOV 

1  i  C1 

(l.bl 

0.30 

—16 

-234 

—254 

44 

70 
i\) 

bo 

QA 

rid 

100     10Q    1  OP.     1 0C 

122,  lZo,  12o,  12b  .... 

/'C  0 
Ob. 2 

oo  o 

1  T 
1.  ( 

1 4.4 

R1  ACC 

olUbb 

13775 

13768 

loo 
41 12 

1Q1  71 

4yi  ii 

1  ti-) 

A  7A 
0.  (0 

—0.30 

* 

—142 

294 

286 

1 56 

0 1  1 

211 

—60 

Q1 
31  . 

1  1  O     1  OO     1  OO     1  O  I 

113,  162,  loo,  lo4  .... 

CC  0 

bb.o 

oc  o 

l.l 

(4.4 

ftl  0C7 

olob  < 

13802 

13798 

OP.Q 

2oy 

1Q1 77 

4y4  ( ( 

1  O  A 

1U4 

O  A  1 

U.41 

—0.33 

235 

354 

356 

92 

1  AA 

144 

O  A  ■ 

34 

32 

268,  269,  270   

66.5 

24.2 

-1.6 

74.4 

51039 

13724 

13712 

-395 

49159 

158 

—0.11 

-0.41 

—11 

360 

352 

—61 

-132 

-33 

33 

110,  111,  128,  130  .. .. 

66.6 

28.4 

1.1 

75.2 

51478 

13191 

13188 

251 

49759 

100 

—0.87 

0.29 

209 

—135 

-129 

—205 

263 

-81 

OA 
o4 

7P.  7C 

PC  c 
bb.b 

Oil  Q 

Q  O 
O.p 

74.9 

51378 

13331 

13302 

Q70 
O  JU 

A  QCO  A 

4yb20 

Q  1  P. 
340 

U.OO 

-0.03 

44 

4 

—15 

151 

C7 

b< 

fo 

b2 

30 

OCK    OCC    of7  071 
2b0,  300,  2b  (,  2(1  .... 

I'C  Q 
00.8 

O  A  O 

24.2 

u.u 

74.9 

51467 

13382 

13382 

0 

A  CiO  AO 

49b98 

o 

1.45 

—0.07 

350 

142 

148 

331 

QAC 

oOb 

126 

OC 

3d 

A  A       ACi      PO      1  A  A 

41,  42,  Oo,  10VI   

Pi'  Q 

bb.o 

OC  /i 

ZO.4 

-0.4 

75.4 

51536 

12960 

12959 

1  A1 

■101 

1  AO 0 1  i 

40880 

A  A 

40 

— U. 

0,40 

316 

—282 

—276 

—188 

QQQ 
.100 

— 7b 

37 

160,  161,  162,  165  .... 

67.0 

25.3 

—0.1 

75.3 

51276 

13019 

13018 

—21 

49596 

—8 

0.41 

0.21 

64 

—140 

-136 

92 

91 

34 

38 

74,  217,  218,  222  . 

67.0 

29.2 

2.7 

75.2 

51319 

13106 

13092 

618 

49617 

241 

0.02 

0.06 

—76 

—55 

—60 

1 

-47 

—1 

oo 

oy 

oco  oco 

("7(1 

b  (.2 

O  1  o 
24.2 

0  o 
— o.U 

75.6 

51608 

12844 

12826 

C7Q 

— b  (o 

1QQQ/1 

40.184 

OC  1 

1  CO 

— 1.02 

0.41 

403 

—232 

—246 

—367 

4.)b 

A  AO 

143 

40 

1  P.Q     1  P.Q     1  CO     1  r  I 

108,  loy,  lbo,  104  .... 

f  7  /I 

of. 4 

OP.  o 
20.2 

a  f: 
— 0.0 

75.4 

51022 

12838 

12837 

111 

— Ill 

A  AOO  A 

4v)oo0 

1Q 

— 4o 

A  OQ 

0.00 

0.09 

—275 

-156 

—152 

11 

OP.7 
— 20  ( 

4 

41 

44,  45*)  46,  50 

67.4 

26.7 

0.7 

75,3  1 50969 

12902 

12901 

163 

49309 

62 

0.00 

-0.02 

— 398 

—93 

— 87 

4 

—281 

0 

42 

208,  209,  213,  214  .... 

67.5 

28.1 

1.2 

75.4  51590 

13028 

13024 

279 

49918 

106 

-0.66 

0.01 

136 

73 

78 

-14.) 

130 

—58 

43 

257,  258,  259,  260  .... 

(>7.6 

23.8 

-2.3 

75.7 

51370 

12727 

12717 

513 

49768 

—196 

-0.65 

0.30 

95 

—184 

—189 

—135  • 

121 

—56 

A  A 

44 

OAO     OA1      ont  OAr* 

202,  204,  200,  20b  .... 

b  (.0 

07  7 

2  i.i 

l.b 

75.6 

51340 

12752 

12746 

o04 

A  A701 

4VJ  iol 

101 

— lo4 

o  oo 
U.U2 

0.05 

-163 

—78 

—77 

—3 

1  AO 

—  14^ 

n 

— 5 

40 

1  AO     1 1  QQ  OA1 

102,  iy/.  iyo,  2ui  .... 

I'Q  A 

08. U 

07  A 

2  i.O 

A  7 
II.  i 

75.8 

51392 

12587 

12586 

1  wj 

100 

1QQOC 

4yo2t 

f:q 

— oy 

O  QQ 

— O.oo 

0.15 

— 122 

—161 

—154 

—74  | 

Q7 
 O  ( 

oo 

— 28 

46 

1vlA     1  A1      A  d  A      1  P  P 

140,  141,  154,  100  .... 

t  *Q  O 

OOQ 

2o.o 

1  C 

— l.b 

75.7 

51384 

1266(1 

12660 

OP.O 

— oOU 

I  Ci-("|Q 

4y  (yo 

1  oo 

— loU 

O  O/l 

— 0.04 

—0.02 

— 25 

2 

1 

12 

RO 

- 

14 

47 

191,  193,  194,  203  ..  .. 

68.3 

27.7 

1.8 

75.8 

51537 

12611 

12604 

388 

49970 

—144 

0.15 

—0.02 

—78 

—13 

—13 

17 

—72 

4 

48 

200,  238,  239,  240  .... 

08.4 

26.3 

0.4 

75.4 

51424 

12517 

12519 

84 

49878 

33 

—0.12 

 0.46 

 147 

 f,6 

—■56 

--28 

-142 

—6 

49 

■i  AO      -t  AH  ICO 

i*q  r. 

OO  A 

22.4 

— 1.4 

75.8  151280 

12606 

12602 

OOA 

— oOU 

1Q7A7 

4y  (0  ( 

— -110 

1  Of 

1.2b 

— o!o7 

—131 

67 

66 

316 

1  QQ 

— 188 

A  O  A 

134 

50 

08. b 

OO  c 

23. b 

o  o 

-2.3 

76.0 

51280 

12423 

12412 

P.AA 

— 00(1 

A  A7  PO 

4y  ( 02 

— \ol 

A  O  A 

— 0.b4 

0.06 

—209 

—76 

—81 

111 

OO/' 

— 22b 

oc 
— 2b 

51 

103,  167,  168,  237  ... . 

r*Q  7 
ho.  ( 

07  A 

27 A 

l.b 

76.0 

51689 

12532 

12527 

OA  \ 

o44 

-ri1  A  (• 

0()14b 

1  OX 

A  1  O 

O.lo 

-0.03  ] 

0 

72 

76 

18 

1  o 

— iy 

A 

4 

52 

173,  174,  175,  245  .... 

68,8 

26.3 

0.6 

76.1 

51586 

12386 

12386 

130 

50077 

147 

0.02 

0.02 

—74 

—32 

—24 

7 

—78 

6 

53 

187,  188,  190.  192  ... . 

68.9 

28.3 

2.4' 

76.1 

51840 

12426 

12415 

510 

50328 

186 

0.16 

—0.05 

64 

48 

57 

11 

58 

—4 

54 

148,  149,  150,  151  ... . 

OS.'.) 

21.2 

—4.2 

76.1 

51300 

12338 

12303 

-900 

49795 

—321 

—0.62 

0.03 

—144 

—  36 

—68 

—71 

—136- 

8 

55 

104,  169,  170,  171  ... . 

69.1 

26.9 

1.2 

76.2 

51763 

12373 

12370 

262 

50263 

94 

0.08 

—0.04 

9 

79 

84 

19 

—18 

7 

56 

177,  184,  185,  186  ... . 

69.1 

28.2 

2.3 

76.3 

51925 

12340 

12330 

504 

50438 

180 

0.11 

0.04- 

110 

45 

45 

18 

104 

.  2 

57 

246,  247.  248,  256  .... 

69.3 

26.2 

0.9 

76.3 

51710  12218 

12215 

190 

50246 

67 

0.32 

—0.04 

—57 

6 

22 

73 

74 

36 

58 

179,  180,  181,  182  ... . 

69.4 

28.3 

2.7 

76.4 

52097 

12236 

12222 

584 

50639 

205 

0.39 

—0.02 

210 

64 

61 

71 

200 

14 

59  249,  250,  251,  255-.. .. 

69.7 

26.4 

11.6 

76.4 

51754  12134 

12133 

126 

50312 

44 

—0.20 

-0.16 

—110 

87 

95 

—40  1 

152 

—10 

60 

105,  252,  253,  254  .... 

70.0 

27  5 

1.9 

76.8 

52151 

11948 

11042 

396 

50763  ■ 

136 

0.15 

0.06 

169 

25 

27 

16 

154 

0 

*)  Sotlankyla  observatory. 


70" 


IP  2f3°  2ff° 


1.    Distribution  of  stations 

and 

Horizontal  force  disturbances. 

Unit  of  disturbance  10/. 


1  A 


fi 


121 


Lit 


r%,  fi9t 


m  I  jet*  -  x^-$M  ff 


271 


Si 


\ 


7 


/ 


/ 


Hsi'ut 


/ 


t 


/  S 


X 


i  \<  --phi 


m5  fai  sitii 
fi 


T2  ^  \ 


Ifc  7         *»  *  air 


ip         Jp  J? 


n 
/ 
/ 

V 


K0KKDU\  » 
23° 


.k?\>.  HSS3        •,  -  •. 


w5,R^M»7S  .t—'r^-ifei-..  "W\ir*^_^ 

22°  23°  24-°  25°  26 


tyf.Sonkajiiry/  \j,l^>     -^i  'MJsl^ 

IISAtMl       IS  -]1 

2  8°  29° 


Corrections  and  addenta. 


Page  4,  13th  line  from  above,  left  column,  after  the  word  >  territory*  is  to  be  added:  Nos.  302—322. 

>  9,  20th    »       »     below    >        »     ,  for  station  read  stations 
9,  15th  >        >        >     •    >     ,    >    26°39'.0   >  30°29'.0 

»  12,  24th    »      »     above,    »        »     ,    >    76°32'.5   »  75°32'.5 

»  12.  12th    >      »        »       right    »     ,    >    —100      »  -104 

>  12,  foot-note  to  be  left  out. 

>  13,  3rd  line  from  above,  left  column,  after  the  word  >value>  is  to  be  added  176 y. 

>  14,  22     »       >        >      right  column,  for  10  read  11 

>  14.  in  place  of  the  word  »anoroaly>  the  word  deviation  is  to  be  used. 

>  15,  16th  line  from  below,  right  column,  for  A  Fcos  y  read  A  Ycos  if> 

3  17,  11th    j       »     above,  left         »     ,   >   c  A  A2  +  dA  (p  read  c  A  X  -f-  d  J  q2 

>  17,  16th    >       »        >    ,  right      »     ,   >    17.31  read  —17.31 

»  18,  20th    »       >     belov,  for  —0.010  —0.030  read  0.010  0.030 

»  18,  17th  >        »       >    —0.403  >  0.403 

»  18,  10th  >        >  16.1  >  17.1 

»  19,  15th    »  >    ,  left  column,  for  5118.1  read  51181.1 

»  19,  21 — 25  line  from  above,  right  column,  should  read:  the  weight  of  the  observed  elements  for  each  such 
station  would,  etc. 

>  25  In  the  first  foot-note,  for  »neglected»  read:  has  been  taken  the  value  obtained  according  to  Sodankyla. 

>  25,  For  the  Murtomaki  inclination  in  1911  is  given  25.3,  should  be  25.5 

>  25,    >      >    Sodankyla         >         >   1917  »      >     59.2       >       »  58.9 
»  29,    »      >    Syvajarvi  A  Z-  is  given  — 128,  should  be  —218 

>  29,    >      >    Rahejarvi  inclination  is  given  11.6,  should  be  1.6 

>  32.  At  the  station  No.  3  in  D  is  given  1.8,  should  be  1.3 

>  32.   >     >       »       No.  15  >  H  >      >     13926,  should  be  13986 

>  32,  In  the  normal  stations  Nos.  27,  44,  45,  47  the  sign  of  Ycosy  should  be  reversed. 
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Observations  meteorologiques  faites  a  Helsingfors  en  1882  —  1900,  Vol.  I— XIX,  Helsingfors  1886—1905. 

Meteorologisches  Jahrbuch  fur  Finnland,  Band  I— XV  1901-1915  Teil  1,  Helsingfors  1908-1923. 

Meteorologisches  Jahrbuch  fur  Finnland,  Band  VLH -XV  1908—1915  Teil  2.  Niederschlagsbeobachtungen 
in  Finnland  in  den  Jahren  1882—1915,  Kuopio— Helsinki  1911-1919. 

Etat  des  glaces  et  des  neiges  1892—1898,  Kuopio -Helsinki  1904—1909.  « 

Schnee-  und  Eisverhaltnisse  in  Finnland  1898—1906,    Kuopio— Helsinki  1906—1915. 

Suomen  Meteorologinen  Vuosikirja,  Niteet  XVI— XVII  1916  —  1917  Osa  1  —  Meteorologisches  Jahrbuch  fur 
Finnland,  Band  XVI— XVn  1916—1917  Teil  1.  Havaintotuloksia  II  ja  III  luokan  asemilta  1916—1917  —  Ergebnisse 

der  Beobachtungen  an  den  Stationen  II.  u.  III.  Ordnung  1916—1917,  Helsinki  1921—1924. 

Suomen  Meteorologinen  Vuosikirja,  Niteet  XVI — XXI  1916—1921  Osa  2  —  Meteorologisches  Jahrbuch  fiir 
Finnland,  BandvXVI— XXI  1916—1921  Teil  2.  Sadehavaintoja  Suomesta  1916—1921  —  Niederschlagsbeobachtungen 
in  Finnland  1910-1921,  Kuopio— Helsinki  1920-1924. 

Suomen  Meteorologinen  Vuosikirja,  Nide  XVI — XVII,  XIX — XXI  Osa  3  —  Meteorologisches  Jahrbuch  fur 
Finnland,  Band  XVI— XVII,  XIX— XXI  Teil  3.  Ilmalan  leija-aseman  havaintotulokset  1916—1917,  1919—1921 
—  Pie  Ergebnisse  der  Beobachtungen  .an  der  Drachenwarte  Ilmala  1916— 1917,  1919—1921,  Kuopio  1921—1923. 

Suomen  Valtion  Meteorologisen  Keskuslaitoksen  Toimituksia  N:o  2 — 12.  —  Mitfeilungen  dor  Meteorologischen 

Zentralanstalt  des  finnischen  Staates  Nr.  2—12,  Helsinki  1915 — 1923. 

Maamagneetisia  tutkimuksia  N:o  1 — 10.  —  Erdmagnetische  Untersuchungen  Nr.  1—10,  Helsingfors — Kuopio 
1911—1921. 

Ukonilmat  Suomessa  1887—1906.  —  Askvadren  i  Finland  1887—1906,    Helsingfors  1888—1912. 

Kuukausikatsaus  Suomen  saaoloihin  1907 —  marrask.  1915,  1919—1923  —  Manadsoversikt  av  vaderleken  i 
Finland  1907—  nov.  1915,  1919—1923,    Helsinki  1907-1923. 


